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The Naval Postgraduate School (NPS) was established 
to serve the advanced educational needs of the Navy. 
The broad responsibility of NPS is reflected in its stat-
ed mission:
To increase the combat effectiveness of commissioned 
officers of the naval service to enhance the security of the 
United States. In support of the foregoing and to sustain 
academic excellence, NPS fosters and encourages a program 
of relevant and meritorious research which supports the 
needs of the Navy and the Department of Defense (DOD) 
while building the intellectual capital of NPS faculty.
To fulfill its mission, the Naval Postgraduate 
School advances innovation in the Navy and prepares 
officers for employing new technologies. The research 
program at NPS supports the mission of graduate 
education. Research at NPS
• advances knowledge in a wide range of 
disciplines relevant to the Navy/DOD; 
• maintains upper-division course 
content and cutting-edge programs; 
• provides the opportunity for students to 
demonstrate independent graduate-level 
scholarship in their areas of study;
INTRODUCTION
The Naval Postgraduate School is pleased to present the dissertation, thesis, and capstone 
project report abstracts for unrestricted research completed in June 2019 by the 
graduating class.
• Civil-Military Relations 
• Combating Terrorism Strategy and Policy
• Defense Decision Making and Planning 
• Homeland Security and Defense 
• Security Studies
• Stabilization and Reconstruction
• National Security and Intelligence 
 Regional Studies:
 » Middle East, South Asia, Africa
 » Far East, Southeast Asia, the Pacific
 » Europe and Eurasia
 » Western Hemisphere
School of International Graduate Studies (SIGS)
The unique programs and faculty expertise within SIGS seek to identify and address current and emerging security 
challenges and strengthen multilateral and bilateral defense cooperation between the United States and other nations. 
Areas of expertise range from nuclear nonproliferation to counterterrorism; from the history of war to emerging 
biological and cyber threats; and from the security aspects of political economy to international law. 
ACADEMIC PROGRAMS
MISSION
• challenges students with creative problem- 
solving experiences on DOD-relevant issues; 
• solves warfare problems; and
• attracts and retains quality faculty 
with state-of-the-art expertise.
To meet its educational requirements, the Navy 
has developed a unique academic institution at NPS 
and via distance learning (DL) through specially 
tailored academic programs and a distinctive 
educational experience tying academic disciplines to 
naval and joint warfighting applications. NPS has 
aligned its education and research programs to achieve 
three major goals: 
1. nationally recognized academic programs that 
support the operations of the Navy and Marine 
Corps, our sister services, and our allies; 
2. research programs that focus on the integration 
of education and research in support of current 
and emerging national security technologies 
and operations; and
3. executive and continuing education programs 
that support sustained intellectual innovation 
and growth throughout an officer’s career.
xii
• Acquisition and Contract Management
• Advanced Acquisition Program
• Contract Management (DL)
• Defense Business Management
• Defense Systems Analysis
• Defense Systems Management
• Executive MBA (DL)
• Financial Management
• Information Systems Management
• Material Logistics Support
• Manpower Systems Analysis
• Program Management (DL)
• Supply-Chain Management
• Systems Acquisition Management
• Transportation Management
Graduate School of Business and Public Policy (GSBPP)
GSBPP reflects the management side of national defense in support of operational requirements, with programs 
open to the U.S. uniformed services, DOD employees and contractors, federal employees, and international military 
and government employees. An integrated civilian and military faculty focuses on defense organizations, system 
applications, and instruction supported by extensive defense-oriented research. 
Graduate School of Engineering and Applied Sciences (GSEAS)
GSEAS provides advanced education in engineering and applied sciences while developing technological advances 
with strict application to DOD needs, thus setting it apart from civilian graduate schools of engineering. It is focused 
on preparing the next generation of U.S. and international leaders, military and civilian alike, for the uncertainties 
and challenges of a rapidly changing technological world.
• Applied Mathematics
• Combat Systems Sciences and Technology
• Electronic Systems Engineering (residential 
and DL)
• Mechanical Engineering for Nuclear-trained 
Officers (DL)





• Reactors–Mechanical/Electrical  
Engineering (DL)
• Space Systems Engineering
• Space Systems Operations (residential and DL)
• Systems Engineering (residential and DL)
• Systems Engineering Management (DL)
• Undersea Warfare 
• Underwater Acoustic Systems (DL)
Office of the Provost
The Office of the Provost provides oversight to a specialized degree program that leads to a master of 
science in systems engineering analysis. Students benefit from cross-disciplinary course offerings and research 
opportunities found in GSEAS systems engineering and GSOIS systems and operational analysis curricula. 
• Systems Engineering Analysis
• Information Warfare
• Joint C4I Systems
• Joint Information Operations
• Joint Operational Logistics




• Software Engineering (residential and DL)
• Special Operations
• Systems Analysis (DL)
• Applied Cyber Operations 
• Computer Science (residential and DL)
• Computing Technology (DL)
• Cyber Systems and Operations
• Cost Estimating and Analysis (DL)
• Electronic Warfare Systems (international)
• Human Systems Integration
• Identity Management and Cyber Security 
(residential and DL)
• Information Sciences
• Information Systems and Operations
• Information Systems and Technology
GSOIS delivers graduate-level education and conducts cutting-edge research in four non-traditional knowledge 
domains responsive to U.S. military needs: information science and technology, military computer science, military 
operations analysis and research, and special operations and related defense analysis.
Graduate School of Operational and Information Sciences (GSOIS)
xiii
STUDENT POPULATION
Figure 1. Total enrollment by student type for the 
summer quarter of 2019. Source: NPS Academic Affairs 
Quarterly Enrollment Report, AY2019/Quarter 3.
Independent scholarly work in the form of a dissertation (PhD), thesis (master’s/engineer), or capstone project is 
required for most academic programs. Student research projects address issues ranging from the current needs 
of the fleet and joint forces to the science and technology required to sustain long-term superiority of the Navy 
and DOD. Guided by faculty advisors, NPS students represent a vital resource within the DOD for addressing 
warfighting problems and maintaining cutting-edge expertise, particularly in a time when technology and 
information operations are changing rapidly. Naval Postgraduate School alumni think innovatively and possess 
the knowledge and skills to apply nascent technologies in the commercial and military sectors. Their firsthand 
grasp of operations, when combined with challenging projects that require them to apply their focused graduate 
coursework, is one of the most effective elements in solving fleet, joint-force, and regional problems. NPS 
graduate education encourages a lifelong capacity for applying basic principles and creative solutions to complex 
problems. NPS is also unique in its ability to conduct classified research. Classified theses are available on the 
NPS SIPRNet.
STUDENT RESEARCH
Source: Naval Postgraduate School Public Affairs Office
The student body at NPS consists of U.S. officers 
from all branches of the uniformed services, civilian 
employees of the federal government, and 
international military officers and government 
civilians. The student population distribution for 
June 2019 is shown in Figure 1 to the right.
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DEGREES OFFERED
Curricula meet defense requirements within the traditional degree framework through residential or distance-
learning programs. The curricula listed below lead to master's, engineer, or doctor of philosophy degrees. NPS 























• Identity Management and 
Cyber Security
• Security Studies
Master of Business Administration
• Master of Business Administration
• Executive Master of 
Business Administration
 
Master of Computing Technology







Master of Human 
Systems Integration
Master of Science





• Combat Systems Technology
• Computer Science
• Contract Management
• Cyber Systems and Operations
• Defense Analysis
• Electrical Engineering





• Human Systems Integration
• Information Strategy and  
Political Warfare
• Information Technology 
Management





• Meteorology and Physical 
Oceanography
• Modeling, Virtual Environments, 
and Simulation







• Remote Sensing Intelligence
• Software Engineering
• Space Systems Operations
• Systems Engineering
• Systems Engineering Analysis
• Systems Engineering Management
• Systems Technology
Master of Systems Analysis
Source: NPS Public Affairs Office
Source: NPS Public Affairs Office
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JUNE 2019 THESES AND DEGREES CONFERRED
The June 2019 graduating class produced 170 unrestricted dissertations, theses, and capstone project reports as 
part of the graduation requirement. Figure 2 indicates the distribution of this published research across each 
of the four NPS academic schools.
Source: NPS Public Affairs Office
Figure 2. Distribution of unrestricted dissertations, theses, and  
capstone project reports by NPS academic schools, June 2019
xvi
ACADEMIC AWARDS ANNOUNCED JUNE 2019
Many departments honor graduating students for the quality and contributions made by their dissertations, 
theses, or capstone reports. The following listing recognizes students selected by NPS faculty and military 
associations for superior academic achievement and outstanding theses.
Campus-Wide
• Air Force Association Award for Outstanding U.S. Air Force Student: Major Justin P. Murphy, 
U.S. Marine Corps
• Captain David S. Bill, Jr. Leadership Award: Lieutenant Ryan Goldsmith, U.S. Navy
• Marine Corps Association Superior Service Award for Outstanding U.S. Marine Student: Captain 
Garrett A. Loeffelman, U.S. Marine Corps
• Monterey Council Navy League Award for Highest Academic Achievement: Captain Courtney 
Thompson U.S. Marine Corps
• Naval Postgraduate School Outstanding Academic Achievement Award for Department of Defense 
Student: Ms. Anita L. Moosmiller
• Naval Postgraduate School Outstanding Academic Achievement Award for International Students: 
Lieutenant Commander Heiko Bohnsack, German Army
• Naval Postgraduate School Superior Service Award: Major Caitlin B. Diffley, U.S. Air Force
• The Association of the United States Army (General Joseph W. Stilwell Chapter) Award for Outstanding 
Army Student: Major Gabriel Samudio, U.S. Army
• The Gary Laughlin Patriot Award: Major Caitlin B. Diffley, U.S. Air Force
• The Military Officers Association of America Joint Service Warfare Award: Lieutenant Commander 
Matthew Crook, U.S. Navy
Graduate School of Business and Public Policy (GSBPP)
• Commander Philip A. Murphy-Sweet Memorial Award for Excellence in Acquisition: Ms. Anita L. 
Moosmiller
• Conrad Scholar Award for Distinguished Academic Achievement in Financial Management: Lieutenant 
Jonathan Wheeler, U.S. Navy, and Lieutenant Timothy McDaniel, U.S. Navy
• Department of the Navy Award for Academic Excellence in Financial Management: Commander David 
Tickle, U.S. Navy, and Lieutenant Commander Brandon Gosch, U.S. Navy
• Distinguished Professor Kenneth J. Euske Dean’s Medal for Innovative Contribution to National 
Defense: Lieutenant Commander Jeffrey Eom, U.S. Navy; Lieutenant Commander John Bing, 
U.S. Navy; and Major Michael Huddleston, U.S. Army
• Naval Supply Systems Command Award for Academic Excellence in Management: Lieutenant 
Commander Elizabeth Percival, U.S. Navy, and Lieutenant Commander Travis Grayum, U.S. Navy
• Rear Admiral Donald R. Eaton Logistics Award for Outstanding Achievement: Lieutenant Jonah 
Petrinovic, U.S. Navy
• The Louis D. Liskin Award for Excellence in Management: Commander David Tickle, U.S. Navy
Graduate School of Engineering and Applied Sciences (GSEAS)
• John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor Award: Ensign 
Joseph Brugger, U.S. Navy
• John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor Award: Major 
Justin P. Murphy, U.S. Marine Corps
• Meyer Award for Outstanding Student in Systems Engineering (Distance Learning): Mr. Paul 
Opperman, Naval Undersea Warfare Center, Newport
• Naval Sea Systems Command Award for Excellence in Combat Systems: Lieutenant Loi Huynh, 
U.S. Navy
• Naval Sea Systems Command Award in Naval/Mechanical Engineering: Commander Durward Dunn, 
U.S. Navy
• Oceanographer of the Navy Award for Outstanding Academic Performance in Meteorology and 
Oceanography: Lieutenant Travis James Davis, U.S. Navy 
xvii
Graduate School of Engineering and Applied Sciences (continued) 
• Space and Naval Warfare Systems Command Award in Electronic Systems Engineering: Lieutenant 
Dimitrios Kanavaros, Hellenic Navy
• Space Systems Operations Award for Academic Excellence: Major John William Pross, U.S. Marine Corps
• The Commander Naval Air Forces Award for Excellence in Aviation Warfare: Ensign Matthew A. 
Baugh, U.S. Navy
• The Johns Hopkins Applied Physics Laboratory Award for Excellence in Applied Physics Research: 
Major Jarrod Robinson, U.S. Marine Corps
• The Warren Randolph Church Award for Excellence in Mathematics: Lieutenant Bryan McDonough, 
U.S. Navy
Graduate School of Operations and Information Sciences (GSOIS) 
• Chief of Naval Operations Award for Excellence in Operations Research: Ensign Zachery Taylor Scholz, 
U.S. Navy
• Commander George L. Phillips Modeling, Virtual Environments, and Simulation Award: Captain 
Garrett A. Loeffelman, U.S. Marine Corps, and Captain Lora Thomerson, U.S. Marine Corps
• Fleet Cyber Command Award for Academic Achievement in Cyber Operations: Lieutenant Commander 
Joseph Haynsworth, U.S. Navy
• Joint Chiefs of Staff Command, Control, Communications, Computers, and Intelligence Award for 
Academic Achievement: Major Justin P. Murphy, U.S. Marine Corps
• Military Operations Research Society Stephen A. Tisdale Graduate Research Award: Captain Courtney 
Thompson, U.S. Marine Corps
• Rear Admiral Grace Murray Hopper Computer Science Award: Lieutenant Commander Nathan 
Richardson, U.S. Navy, and Major Lucas John Burke, U.S. Marine Corps
• The Surface Navy Association’s Award for Excellence in Surface Warfare Research: Lieutenant Kyle 
Chance, U.S. Navy
School of International Graduate Studies (SIGS)
• Foreign Area Officer Association Award for Excellence in International Affairs: Major Norman K. 
Wilson, U.S. Air Force
• The Graduate School of Business and Public Policy Faculty Outstanding International Student Award: 
Lieutenant Colonel Roberto Do Nascimento Pinheiro, Brazilian Air Force, and Major Pyojeong Kim, 
Republic of Korea Army
• The International Student Award for Excellence in Regional Security Studies: Lieutenant Commander 
Heiko Bohnsack, German Army, and Lieutenant Colonel Sascha Donath, German Air Force
• The Louis D. Liskin Award for Excellence in Regional Security Studies: Lieutenant Kelly L. Bischoff, 
U.S. Navy
• The Outstanding United States Air Force Graduate Award, Department of National Security Affairs: 
Major Peter Larsen, U.S. Air Force
• The First Command Military Leadership Award: Commander Clay Herring, U.S. Navy
Outstanding Thesis Recognition
• Lieutenant Jillian N. Couglin, U.S. Navy: Morphology Changes to Carmel River State Beach in Relation to 
Waves and River Discharge
• Major Jayson M. Davidson, U.S. Marine Corps: Japan and South Korea Security Cooperation: Drivers and 
Obstacles
• Lieutenant Travis J. Davis, U.S. Navy: Three-Dimensional Discrete Element Modeling of First-Year Sea Ice 
Ridges
• Major Kevin J. Doherty, U.S. Marine Corps: Data Farming the Marine Corps’ Readiness and Availability 
Tool
• Lieutenant Colonel Matthias Fiala, Swiss Army: Lilliputians and the Amorphous Giant: Small States’ 
Opportunities Facing the Hybrid Threat
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Outstanding Thesis Recognition (continued) 
• Lieutenant Timothy Forge, Royal Australian Navy: Scattering Statistics of a Negatively Buoyant Thermal 
Plume
• Major Philip N. Garito, Jr., U.S. Air Force, and Major Robert A. Davidson, U.S. Air Force: Untangling 
the Roots of Organizational Structure through Network Analysis
• Major Michael Huddleston, Jr., U.S. Army, Lieutenant Commander Jeffrey J. Eom, U.S. Navy, and 
Lieutenant Commander, U.S. Navy: Comparison of Acquisition Efficiency on Subsistence Contract 
Management between the U.S. and Japan
• Lieutenant Corey D. Ingraham, U.S. Navy: High-Fidelity Virtualization for Cyber Operations
• Lieutenant Michael Kaim, U.S. Navy: Waste Heat Recovery from a Gas Turbine Engine Using a Heat 
Exchanger and Associated Centrifugal Compressor Volute Design and Simulation
• Major Joel M. Katz, U.S. Marine Corps: Modeling Information Gaps in Military Command Structures
• Major Nassar Krizou, Canadian Army: Nontrivial Power-Law Scaling of Peak Forces During Granular 
Impact
• Captain Garrett A. Loeffelman, U.S. Marine Corps: Developing a Scaled Performance Evaluation 
Measurement System to Evaluate Marine Performance
• Major Brent E. Logan, U.S. Marine Corps: A Case for Software-Defined Networking in the United States 
Marine Corps: Automating Distributed Firewalls
• Anita Moosmiller, Department of the Navy; Huy H. Nguyen, Defense Contract Management Agency; 
and Janessa Schantin, National Aeronautics and Space Administration: A Study of Certified Cost or 
Pricing Data
• Captain John O. Mutton, U.S. Marine Corps: Acoustic Ground Sensors to Triangulate Bomb Impact in 
Support of Airfield Damage Assessment
• Captain Dillon T. Pierce, U.S. Marine Corps: Development of a Rocket Test Platform Capable of Delivering 
Standard Dimension Payloads to Near-Space Altitudes
• Lieutenant Commander Jeffrey R. Pinkerton, U.S. Navy, and Lieutenant Commander Jeffry S. Findlay, 
U.S. Navy:  Graduate Education as a Strategic Asset: Deriving Educational Core Competencies for Naval 
Education
• Captain Alyssa Renosto, U.S. Marine Corps: Optimizing Marine Corps Installation Readiness
• Lieutenant Commander Nathan J. Richardson, U.S. Navy, and Major Lucas J. Burke, U.S. Marine 
Corps: Securing Networks Against Anonymous Invaders
• Major Christopher A. Rodney, U.S. Marine Corps, and Captain Yusef Akbarut, U.S. Marine Corps: 
Artificial Intelligence (AI) Strategy and Design for Marine Corps Intelligence
• Ensign Zachary T. Scholz, U.S. Navy: Optimizing Resource Augmentation for Wildland Fires
• Captain Peter Severson, U.S. Marine Corps: Advanced Terrain Reasoning and Automated Maneuver 
Planning
• Captain Christopher J. Teska, U.S. Marine Corps: Unintended Consequences: Understanding the Effects 
of Changing Infantry Battalion Force Structure on Force Generation with Network Optimization
• Captain Courtney Thompson, U.S. Marine Corps: Paying for Weight in Blood: An Analysis of Weight and 
Protection Level of a Combat Load During Tactical Operations
• Ensign Grant D. Thornton, U.S. Navy: Fluid-Structure Analysis of a Transonic Rotor
• Lieutenant Stephen Tynes, U.S. Navy: The FARC and the FSLN: A Study in Divergence in Outcomes of 
Latin American Marxist-Leninist Insurgencies




IMPLEMENTATION OF ACTIVE AND REACTIVE POWER 
FLOW CONTROL IN A SINGLE PHASE MICROGRID
Dimitrios Kanavaros, Lieutenant, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor:  
Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisors:  
Roberto Cristi, Department of Electrical and Computer Engineering
James Calusdian, Department of Electrical and Computer Engineering
Alexander Julian, independent consultant
A microgrid is a miniature version of a large power grid, and its purpose is to operate autonomously and to 
increase the reliability of the power system in a naval installation. It is a local area power system, which is able 
to operate either as a subset of a main grid or in an autonomous mode (islanded). The power flowing from a 
utility to a microgrid and vice-versa has two components: 1) active power, which is the real power that can be 
transformed from electric to non-electric by the loads; and 2) reactive power, which is generated by inductive 
loads, such as electric motors. The presence of the latter category lessens the energy efficiency of an installa-
tion, reduces the real energy, and increases the cost of the electricity for the consumer. The compensation for 
the reactive power and simultaneously the control of the active power is obtained by a highly developed elec-
tronic system, called the Energy Management System (EMS). It manages the distributed energy resources in a 
microgrid, such as batteries, and renewable energy sources to ensure that electricity is available to an installa-
tion when the main grid is off. In our research, four different methods of EMS control have been examined 
in order to regulate the electricity delivered to the consumer for maximum available power and to reduce the 
cost of the electricity. Simulated plots are presented and validated by experimental waveforms measured on a 
laboratory prototype.
See full thesis text: https://calhoun.nps.edu/handle/10945/62816
Keywords: active power, reactive power, power factor, microgrid, single phase microgrid
2
ENGINEER
MODELING AND CONTROL OF POWER CONVERTERS  
FOR ENERGY STORAGE INTERFACE ON A MICROGRID
Theodoros Karapas, Lieutenant, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor:  
Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisors:  
Roberto Cristi, Department of Electrical and Computer Engineering 
Alexander Julian, independent consultant
Power DC-to-DC converters are critical to AC and DC microgrids. Among the DC-to-DC power converters, 
the boost converter has a right half plane zero, which makes it difficult to control. The load voltage must be 
kept constant, no matter the variations in the input voltage or the change of the load; to achieve this, a negative 
feedback loop and a control strategy are necessary. This research presents five different digital control strate-
gies to regulate the output of a non-ideal DC-DC boost converter, operating either in continuous conduction 
mode (CCM) or discontinuous conduction mode (DCM). Four of them are innovative control strategies, 
implemented by modifying regular K-factor and regular voltage mode control. The fifth is current mode, which 
is widely used as the industrial standard. A simple algorithm to set up the parameters for each compensator 
was introduced. In an ideal system, these control strategies performed well, but when time delays were added 
the performance of the controllers changed significantly, and the stability of the system could be affected. The 
closed-loop performance of all controllers was evaluated and compared. Simulation results are provided to show 
the effectiveness of each controller and compare their performance. A laboratory experiment and parametric 
sweep measurements were made to validate the boost converter small-signal model.
See full thesis text: https://calhoun.nps.edu/handle/10945/62818
Keywords: energy storage, boost converter, microgrid, controller, control strategies, current control, K-factor, 
PI compensator, field programmable gate arrays (FPGAs), power electronics
3
ENGINEER
DISTRIBUTED ENERGY STORAGE DESIGN AND MODELING  
TO IMPROVE THE ENERGY SECURITY OF NAVAL FACILITIES
Petros Siritoglou, Lieutenant Junior Grade, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor:  
Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisors:  
Roberto Cristi, Department of Electrical and Computer Engineering
Daniel A. Nussbaum, Department of Operations Research
Energy security for naval facilities is of strategic importance. Energy security is characterized by the ability to 
supply critical loads reliably, indefinitely, economically, and in an environmentally friendly manner (sustain-
ably), which enables full-time mission support. Combining renewable resources and, specifically, the emerging 
technology of photovoltaics (PV) with a battery storage system is considered a proven approach to providing 
energy security and serves as the basis of this research. Most available design tools focus on the design of grid-
tied or hybrid renewable power systems. The development of a user-friendly design tool for accurately sizing 
a stand-alone power system to meet the critical load demands of a naval, commercial/industrial, or even a 
residential facility is presented in this thesis. The tool complies with both IEEE Standards 1562 and 1013. In 
addition to these guidelines, the developed tool considers important factors that both standards should address 
in their future revisions. Several case studies, which were simulated using a Simulink model based on the out-
put of the design program, validate the design software. Finally, we successfully conducted 24-hour laboratory 
experiments, the results of which confirmed the simulations as well as the accuracy of the sizing methodology; 
this is a feature that many sizing programs lack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62817
Keywords: energy security, off-grid, stand-alone, power system, photovoltaics, PV, solar, batteries, hybrid en-






INCREASED MARITIME COOPERATION: INDIA AND SOUTHEAST ASIA 
Ashley E. Allison, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael S. Malley, Department of National Security Affairs
Second Reader: Anshu N. Chatterjee, Department of National Security Affairs
India’s primary method for security cooperation in Southeast Asia is through maritime engagement, predomi-
nantly through naval exercises, port visits, and capacity development with partner navies. This thesis examined 
why and how this maritime cooperation has increased since the implementation of the Act East Policy. The 
research used two approaches to identify and understand India’s maritime engagement. First, a quantitative 
approach measured naval exercises and port visits from 2013 to 2018 and found that India has increased its 
maritime cooperation with Myanmar and Indonesia, which implies India’s interests in border security. It also 
revealed India’s lack of engagement with South China Sea claimant states, which suggests risk aversion to 
China. Second, the researcher used a framework to measure the scope and depth of maritime cooperation 
between India and Southeast Asian countries to explore India’s maritime engagement from 2015 to the end of 
2018. Findings reveal an increase in both maritime security and capacity development initiatives between India 
and Indonesia, Myanmar, Singapore, and Vietnam. Both frameworks illustrate India’s increased maritime en-
gagement in Southeast Asia, and show that the reasons for the increased cooperation are the desire of Southeast 
Asian countries for capacity development and India’s economic motivations since 2015.
See full thesis text: https://calhoun.nps.edu/handle/10945/62778
Keywords: ASEAN, India, security cooperation, maritime cooperation, Act East Policy, ASEAN-India, 
Indian Navy
WATER SCARCITY AND VIOLENT CONFLICT IN NIGERIA
Zach K. Anderson, Ensign, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Emily L. Meierding, Department of National Security Affairs
Second Reader: Rachel L. Sigman, Department of National Security Affairs
While there has been an abundance of research into answering the question of whether water scarcity causes 
conflict, there has not been as much research done on the contribution of water scarcity into escalation of 
regional conflicts. Within Nigeria there are two examples of water scarcity and conflict occurring in close prox-
imity: the Niger Delta, and a violent conflict over oil pollution, and the ongoing threat of Boko Haram in the 
Lake Chad region, where water grows increasingly scarce. This study seeks to find how water scarcity in these 
two regions may be influencing armed conflict. To answer this question, a process-tracing method is adopted 
to better parse out each step along the path from scarcity to conflict. The major finding is that water scarcity 
works as an amplifier to conflict, especially when livelihoods are disrupted and when the government fails to 
take appropriate action.
See full thesis text: https://calhoun.nps.edu/handle/10945/62803
Keywords: Nigeria, water scarcity, Niger Delta, Lake Chad
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SECURITY STUDIES
INDIA, PAKISTAN, AND CHINA’S ONE BELT ONE ROAD INITIATIVE
Anton Balsirow, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Covell F. Meyskens, Department of National Security Affairs
Second Reader: Feroz H. Khan, Department of National Security Affairs
Current academic literature is replete with analyses on the return of great power competition due to China’s 
rise. One area of concern among policy makers has been China’s One Belt and One Road Initiative (BRI) and 
its impact on global security. This thesis examines India and Pakistan’s reactions to China’s BRI through analy-
sis of political, economic, and geostrategic factors. India’s non-support for the BRI stems from the perception 
that the BRI poses a direct threat to the rules-based international system and its own aspirations to become the 
South Asian region’s dominant power. Conversely, Pakistan supports and has actively engaged in the BRI to 
counter a growing India and to increase its national power to achieve that end.
See full thesis text: https://calhoun.nps.edu/handle/10945/62779
Keywords: India, Pakistan, BRI, OBOR, China, support, non-support
DERADICALIZING AND DISENGAGING THE CHILDREN OF THE ISLAMIC STATE
Britni Barricman, Ensign, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Maria J. Rasmussen, Department of National Security Affairs
Second Reader: Afshon P. Ostovar, Department of National Security Affairs
Thousands of ISIS fighters and supporters, over 4,000 children being among them, were displaced after the 
Islamic State’s proclaimed caliphate collapsed in 2019. While some countries have been either ambivalent or 
completely against repatriating ISIS children, other countries have planned to accept them back. This leads to 
several questions: are current deradicalization and disengagement programs applicable to the children of ISIS? 
Would these programs help to reintegrate children back into society? Are different approaches needed? To bet-
ter answer these questions, the research in this thesis extracts key themes present in current deradicalization 
and disengagement programs and compares those themes with the factors motivating children to join terrorist 
organizations. Through qualitative analysis, this thesis finds that current programs are largely prison-based and 
place heavy emphasis on addressing radical ideologies and providing social aid. Unfortunately, these programs 
are not suited for child reintegration and are unprepared to handle the unique cognitive and social aspects of 
adolescents. Therefore, this thesis recommends that current deradicalization and disengagement programs re-
place strategies that address ideology and provide untailored social aid with programs that address positive peer 
contacts, foster constructive social networking, and provide psychological counseling and guidance, so that the 
children of ISIS can be successfully reintegrated back into society.
See full thesis text: https://calhoun.nps.edu/handle/10945/62805
Keywords: deradicalization, children, Islamic State, disengagement, child soldier, terrorism, ISIS, reintegration
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SECURITY STUDIES
CHINESE SECURITY COOPERATION IN SOUTHEAST ASIA, 2000-2017:  
EVIDENCE FROM THAILAND AND THE PHILIPPINES
Kelly L. Bischoff, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael S. Malley, Department of National Security Affairs
Second Reader: Michael A. Glosny, Department of National Security Affairs
Since the turn of the 21st century, China has steadily expanded security cooperation in Southeast Asia, re-
flected in more frequent naval port calls and military exercises and in increased arms sales to states in the 
region. Why has China been pursuing closer security cooperation in Southeast Asia, and what factors influence 
the degree to which Southeast Asian states seek, accept, or reject security cooperation with China? This thesis 
finds that China is primarily motivated to improve security ties in Southeast Asia in order to establish regional 
preeminence and cement its status as a great power. Related and supporting Chinese objectives include using 
security cooperation to achieve the following: establish influence within key Southeast Asian states that can be 
wielded to serve Chinese interests, prevent encirclement by the United States or its allies, and assuage regional 
anxieties about perceived Chinese aggressiveness. This thesis also finds that factors influencing the degree to 
which Southeast Asian states seek, accept, or reject security cooperation with China include the level of U.S. 
security cooperation a state receives, an interest in diversification of security partnerships, the prevalence of il-
liberalism or human rights abuses, and the presence or absence of a territorial dispute with China.
See full thesis text: https://calhoun.nps.edu/handle/10945/62780
Keywords: China, Southeast Asia, Philippines, Thailand, security cooperation, military exercise, naval port 
call, arms sales
EUROPEAN ARMY OR FORT TRUMP?  
THE CASE OF POLISH PARTICIPATION IN HEADQUARTERS EUROCORPS IN THE 
ISSUE OF MULTINATIONAL MILITARY ECHELONS IN THE 21ST CENTURY
Heiko Bohnsack, Lieutenant Colonel, German Army
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Second Reader: Uwe Hartmann, Department of National Security Affairs
As a NATO member since 1999 and an EU member since 2004, Poland contributed to several military en-
deavors of both organizations. Participating with the status of “Associated Nation” already since 2009, Poland 
applied to become a “Framework Nation” (FN) of Headquarters (HQ) Eurocorps in 2011, seeking to share 
greater responsibilities and enjoy equal prerogatives with the other five FNs (Belgium, Germany, Spain, France, 
and Luxembourg) by 2016/2017. Poland invested significant resources in the HQ and its support units. In 
December 2016, however, Poland declared on the working level that it no longer sought FN status and would 
instead reduce its contribution. It confirmed this in an announcement on the political level in 2017. Based on 
qualitative research, the case study presented examines Poland’s decision, which unfolded amid a discussion 
about the need for better defense capabilities to strengthen the European pillar of NATO and visions of build-
ing a European Army. Although Warsaw cited scarcity of resources as the official reason for the reversal, the 
author examines competing explanations, including renationalization and a shift in threat perception and in 
preferences for alliance relationships, which culminated in the proposal to build “Fort Trump” for a perma-
nently stationed U.S. armored division in Poland, as the real trigger for the highly symbolic decision to reduce 
participation in HQ Eurocorps.
See full thesis text: https://calhoun.nps.edu/handle/10945/62796
Keywords: Polish Security Policy, Headquarters Eurocorps, Framework Nation, “Fort Trump,” re-nationaliza-
tion, multinational military integration, European NATO pillar, alliance cohesion, Poland
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SECURITY STUDIES
DIGITAL VOLUNTEERS IN EMERGENCY MANAGEMENT
Danjel L. Bout, Program Manager, Utility Cyber Security Branch,  
California Public Utilities Commission
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Glen L. Woodbury, Center for Homeland Defense and Security
Co-Advisor: Christopher Bellavita, Center for Homeland Defense and Security
The meteoric rise of social media applications has fundamentally altered the way citizens share information, 
but after more than a decade, public safety agencies continue to grapple with how to integrate them into opera-
tions. Building on prior research on digital volunteers in humanitarian response, this thesis examined whether 
the social media model had the potential to enrich sensemaking in emergency operations centers. Interviews 
were conducted with senior public safety leaders to illuminate the potential advantages and impediments to 
this strategy, as well as their current integration of social media information. There was universal agreement 
that social media offers unique insight not replicated by other means. However, the clearest use case was to 
assist with public messaging in a crisis event. The responders were concerned about the veracity of social media 
posts, expressed most clearly by law enforcement interviewees. Additionally, there were concerns about how 
social media information could be broadly shared across agencies to ensure a shared situational awareness. 
Recommendations include creating a liaison position in the emergency operations center to serve as a social 
media coordination point, standardizing situational awareness data standards, and leveraging new patterns of 
volunteer information sharing.
See full thesis text: https://calhoun.nps.edu/handle/10945/62786
Keywords: digital volunteers, emergency management, social media, sensemaking
JAPAN AND SOUTHEAST ASIAN SECURITY
Stephany M. Breau, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Robert J. Weiner, Department of National Security Affairs
Co-Advisor: Michael S. Malley, Department of National Security Affairs
This thesis addresses why Japan has increased its security cooperation with Southeast Asian institutions and 
states. It also explores how Japan has increased cooperation in the region. In this analysis, the author uses data 
from port visits, exercises, joint statements, and security cooperation trends from the 1990s through 2018. This 
thesis concludes that Japan is increasing its cooperation with the Association of Southeast Asian Nations (ASE-
AN), the Philippines, and Vietnam because it is trying to protect its sea lines of communication, to garner sup-
port to condemn North Korean actions, and to gain a permanent seat on the United Nations Security Council. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62781
Keywords: Japan, security, SE Asia, Southeast Asia, Association of Southeast Asian Nations, ASEAN
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SECURITY STUDIES
THE POLITICAL FOUNDATIONS OF THE TUAREG INSURGENCY IN MALI
Yahaya Camara, Major, Military of the Republic of Mali
Master of Arts in Security Studies (Strategic Studies)
Advisor: Rachel L. Sigman, Department of National Security Affairs
Second Reader: Covell F. Meyskens, Department of National Security Affairs
The Tuareg insurgency in Mali has its roots in the colonial period. However, the insurgency worsened when 
Mali became independent in 1960. This insurgency was characterized by four main periods. The first rebellion 
came in 1963, the second rebellion in 1990, the third rebellion came in 1996, and the last one was in 2012, 
when the Tuaregs again attacked the Malian troops. This thesis argues that developmental policies and mili-
tary engagement in the northern region were the most significant factors that contributed to the recurrence of 
the Tuareg insurgency in Mali. However, there are other minor factors, such as the economic difficulties, the 
emergence of drug trafficking, the weak governance, the decentralization, social collapse, and regional dynam-
ics that also contributed to the resurgence of the conflict. This thesis stresses that domestic management of the 
crisis played a more significant role than the external factors. It is crucial for the Mali government to establish 
secure borders and a secure internal environment in the northern region before instituting any developmental 
policies. For this reason, the Malian state needs a strong army to prevent malicious actors from entering the 
region and obstructing the objective of peace. Also, it needs to always pursue and sign realistic agreements.
See full thesis text: https://calhoun.nps.edu/handle/10945/62774
Keywords: Mali, Tuareg, insurgency, development, military, engagement, decentralization, northern Mali, 
drug trafficking, criminal groups, private militia, Islamist, terrorist, kidnapping, hostage, Libya, Kaddafi, gov-
ernance, rebellion, uprising, community, colonial time, the French, authority, security, population, policy, fac-
tors, agreement, tensions, government, region, crisis, fail, weaken
ENACTING POLICY AND SOLUTIONS TO THE MODERN-DAY SLAVERY PROBLEM 
OF FORCED LABOR AND DOMESTIC SERVITUDE IN MONTEREY COUNTY
Kimbley Craig, City Council, City of Salinas
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Lauren Wollman, Center for Homeland Defense and Security
Co-Advisor: Carolyn C. Halladay, Department of National Security Affairs
For the last several years, the United States has been the number-one destination for inward migration—both 
legal and illegal. Persons with undocumented immigration status are at a high risk of being targeted by traf-
fickers and forced into modern-day slavery. Of the more than 550 cases of human trafficking reported by the 
U.S. Department of Justice in 2001, nearly half were from the four most populous states—California, Florida, 
Texas, and New York—which foster a welcoming environment for immigrants. Within California, Monterey 
County’s labor and industrial profile, with a strong demand for agricultural laborers and hospitality industry 
service employees, suggests it is at high risk for trafficking. However, the low number of arrests and prosecu-
tions to date indicates that the current level of human trafficking prevention in Monterey County might not 
be commensurate with its risk. Using the UN’s internationally recognized 4Ps anti-trafficking framework, this 
thesis assesses Monterey County’s risk factors for human trafficking and its current approach to combating hu-
man trafficking, concluding that there remain many areas in which significant improvement is needed. It then 
proposes anti-trafficking recommendations for Monterey County reached through investigating approaches 
used in other areas, including Florida and Texas, with similar socioeconomic indicators.
See full thesis text: https://calhoun.nps.edu/handle/10945/62819
Keywords: human trafficking, Monterey County, TVPA, Trafficking Victims Protection Act, Salinas, immi-
gration, agriculture, hospitality, Harris County, Santa Clara, Alameda, Miami-Dade
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SECURITY STUDIES
INSTABILITY IN MALI: FORMULATING EFFECTIVE RESPONSES 
TO INSURGENCY, TERRORISM, AND ORGANIZED CRIME
Ibrahima Dao, Major, Military of Mali, Army
Master of Arts in Security Studies (Strategic Studies)
Advisor: Cristiana Matei, Center for Homeland Defense and Security
Second Reader: Carolyn C. Halladay, Department of National Security Affairs
Security in Mali has worsened in recent decades due to the escalation of the Tuareg insurgency, its connection 
to terrorist groups, and the military coup in 2012. The crisis in the north of Mali, as the Tuareg insurgency is 
also known, began in the 1960s, after Mali independence from France. From 1962 to 2012, a series of rebel-
lions occurred in the north of Mali. The 2012 rebellion was the most complex and lethal because it involved 
foreign combatants and resulted in the invasion of the northern regions by the coalition of Tuareg and terrorist 
groups following the rout of the Malian army. The crisis has not yet been solved despite the national and inter-
national responses, including the United Nations Multidimensional Integrated Stabilization Mission in Mali 
(MINUSMA) peacekeeping mission. This thesis seeks to formulate effective responses to the Malian crisis by 
examining the Tuareg rebellions and Boko Haram insurgency in Nigeria as case studies. To formulate recom-
mendations responding to the crisis, the thesis analyzes the involved groups and their funding and evaluates 
the effectiveness and inadequacy of local and international responses applied to the cases. It concludes that the 
mix of military, political, and economic responses to the crisis reinforced by good governance will produce ef-
fective results.
See full thesis text: https://calhoun.nps.edu/handle/10945/62776
Keywords: Mali, insurgency, terrorism, organized crimes, effective responses
JAPAN AND SOUTH KOREA SECURITY COOPERATION: DRIVERS AND OBSTACLES
This paper has been recognized as outstanding by its department.
Jayson M. Davidson, Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Robert J. Weiner, Department of National Security Affairs
Second Reader: Michael A. Glosny, Department of National Security Affairs
Japan and South Korea’s bilateral security relationship has experienced periods of both cooperation and fric-
tion. Despite several contemporary similarities, expanded security cooperation between these two countries 
remains elusive. Clarifying why Japan and South Korea pursue cooperation at some times but avoid it at others 
provides a deeper understanding of the relationship between these two East Asian nations. This thesis analyzes 
the influence of international factors (China, North Korea, and the United States) and evaluates the impact of 
public opinion and domestic leaders, especially with regard to animosity over historical issues. The research re-
views how and when each of the above factors encourages or discourages cooperation, utilizing both qualitative 
and quantitative methods. In an attempt to capture variation and identify trends in security cooperation levels, 
the thesis examines Japanese and South Korean defense white papers that catalog security-related meetings, 
exchanges, and agreements. The thesis confirms that security cooperation levels fluctuate significantly between 
cooperation and friction, and contends that domestic factors mostly discourage cooperation while international 
factors have more of an encouraging effect. In fact, domestic factors appear to play a role at least equal to—but 
potentially more important than—international factors in explaining this fluctuation.
See full thesis text: https://calhoun.nps.edu/handle/10945/62820
Keywords: South Korea, Japan, security cooperation, North Korea, China, United States
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SECURITY STUDIES
THE INFLUENCE OF CHINA’S ECONOMIC ACTIVITIES ON LATIN AMERICA
David Del Valle, Major, United States Marine Corps
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Michael A. Glosny, Department of National Security Affairs
Co-Advisor: Thomas C. Bruneau, National Security Affairs Program Office
Since 2001, China has been expanding its influence into Latin America, but this phenomenon has remained 
relatively underexamined. To help fill this gap, this thesis examines China’s bilateral relationships with Peru 
and Ecuador and examines the effect of China’s growing economic presence on their economic development. 
The main findings are that China’s loans and investments have supplied Peru and Ecuador with very short-
term economic advantages, but their increasing financial presence also has adverse consequences that will likely 
worsen over time. This thesis identifies two major negative effects of China’s economic activity: 1) it exacerbates 
the resource curse through further deepening commodity dependence and undermining industrialization; 
and 2) increased Chinese investment in oil and mining provides short-term benefits, but also creates negative 
externalities such as pollution and deforestation, which are costly to address. In attempts to manage the China 
challenge, Peru relies on metal exports but successfully diversified into other service sectors, whereas Ecuador 
has been less successful in diversification, and its dependence on loans for oil has only deepened Ecuador’s debt. 
This thesis makes recommendations on how these countries can maximize the benefits from China’s growing 
economic presence while minimizing the risks, and move toward more sustainable economic development.
See full thesis text: https://calhoun.nps.edu/handle/10945/62827
Keywords: globalization, resource curse, commodities, commodity dependence, deindustrialization, externali-
ties, geostrategic
STRATEGIC AUTONOMY AND THE EUROPEAN UNION’S 
PERMANENT STRUCTURED COOPERATION
Sascha Donath, Lieutenant Colonel, German Air Force
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Co-Advisor: Donald Abenheim, Department of National Security Affairs
Is the European Union’s (EU’s) Permanent Structured Cooperation (PESCO) providing a coherent and com-
prehensive effort to achieve “strategic autonomy” in military capabilities or is it just a collection of miscellaneous 
initiatives under one umbrella? Is PESCO likely to pursue only temporary political results or does it manifest 
the potential to overturn the transatlantic order? This thesis approaches these research questions from three 
perspectives: the political, the operational, and the inventorial. It analyzes official statements about PESCO for 
the political side, reports from field missions for the operational side, and the arsenals of PESCO participants 
for the inventorial aspects. PESCO participants support only a limited European strategic autonomy, relying 
on NATO for collective defense. PESCO addresses several operational shortfalls, but not the most important 
ones:  air lift and air refueling.  PESCO contains several projects for replacing non-EU capabilities, mostly land 
systems. PESCO participants will remain dependent on outside sources for air systems, partly because PESCO 
does not contribute to closing the technological gap with American companies.  In summary, PESCO does not 
provide European strategic autonomy but contributes to improving the military capabilities of its participants. 
Given the current situation, even this represents progress.
See full thesis text: https://calhoun.nps.edu/handle/10945/62810
Keywords: European Union, PESCO, NATO, strategic autonomy, Europe, CSDP, Permanent Structured 
Cooperation, EU, military capabilities
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SECURITY STUDIES
INVISIBLE SOLDIERS: INTEGRATION AND MOTIVATIONS OF WOMEN WITHIN 
BOKO HARAM AND THE CROSS-REGIONAL TRENDS OF FEMALE TERRORISM
Sarah E. Erickson, Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Jessica R. Piombo, Department of National Security Affairs
Second Reader: Carolyn C. Halladay, Department of National Security Affairs
Over the past century, women have been increasingly integrated and utilized within terrorist organizations. 
This thesis analyzes Boko Haram as a case study and examines the unique roles that women hold within it, 
focusing on the voluntary and involuntary motivations women participants use to justify their activity within 
the extremist organization. It examines the new ways in which female insurgents are being integrated into the 
organization and how this increased involvement, particularly as suicide bombers, lends to the effectiveness of 
Boko Haram as a terrorist organization. To conclude, this thesis discusses the measures that both the Nigerian 
and U.S. governments must take in order to help effectively combat Boko Haram. The measures taken must 
integrate women into the foundation of restructured government institutions in order for equality and educa-
tion across religious and gender lines to be reached. Through this process, the root grievances of the Nigerian 
people and Boko Haram insurgency are addressed and eradication of the organization is made possible.
See full thesis text: https://calhoun.nps.edu/handle/10945/62773
Keywords: Boko Haram, extremist organizations, women in terrorism, female integration, suicide bombers, 
Islamic extremism
THE UNITED STATES’ BORDER WALL: A MARITIME PERSPECTIVE
Christopher B. Fontana, Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Erik J. Dahl, Department of National Security Affairs
Second Reader: Robert L. Simeral, Department of Information Sciences
The president of the United States has requested increased security at the southern border, mainly by investing 
in and building a border wall. Some argue that this will cost too much money, and some argue that it simply 
will not be effective. Conversely, others would argue that it is a necessary tool within the United States’ border 
security policy. This thesis examines a potential border wall’s effectiveness by analyzing illegal immigration 
apprehensions and drug seizures. Furthermore, this thesis uses the southern border’s existing border fencing as 
an example of how border infrastructure affects the flow of illegal immigrants and drugs. In addition to the 
land border, this thesis hypothesized that, based on historic border security data, an increase in land border 
security will result in an increase in illegal immigration and drug smuggling through maritime routes. So, il-
legal immigration and drug smuggling data from before and after large amounts of border fence mileage were 
constructed was compared from land and maritime perspectives. This research found that a border wall can 
be effective at redirecting the flow of people and drugs, but ineffective at the greater goal of stopping it. Also, 
this thesis discovered changes in maritime border security data that suggest that as security is increased on the 
land border with border barriers, the maritime domain will experience significantly more drug smuggling and 
illegal immigration.
See full thesis text: https://calhoun.nps.edu/handle/10945/62777
Keywords: border wall, border fence, border infrastructure, border security, maritime security, illegal immi-
gration, drug smuggling 
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SECURITY STUDIES
SINO-INDIAN RELATIONS: A TALE OF TWO ASIAN GIANTS
Daniel J. Godkin, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Covell F. Meyskens, Department of National Security Affairs
Second Reader: Christopher P. Twomey, Department of National Security Affairs
In the last decade, China and India have risen to prominence in the Indo-Pacific region, requiring U.S. policy-
makers, subject matter experts, and military officials to shift their attention toward understanding this critical 
relationship. The maintenance and stability of the Indo-Pacific region depend on the dynamics of the Sino-
Indian relationship. Thus, a better understanding of Sino-Indian relations can have significant implications for 
how the U.S. strategy progresses in the Indo-Pacific region. First, to understand the 21st-century Sino-Indian 
relationship, this thesis analyzed the factors that led to cooperation and discord between China and India 
during the 1950s and early 1960s, which culminated in the 1962 border war. Second, the thesis analyzed Sino-
Indian relations from 2008–2017, identifying whether factors from the 1950s and early 1960s apply to current 
and future Sino-Indian relations. Despite the nuances that mark both periods, the 21st-century Sino-Indian 
relationship has followed a similar path of cooperation, competition, and conflict, which culminated in the 
2017 Doklam standoff—the longest border standoff since the 1962 border war. Overall, across both periods, 
this thesis found that unresolved territorial disputes, competition for energy resources, a race for regional influ-
ence, and assertive leadership have hindered cooperation. Extrapolating from the research, these factors will 
likely continue, creating a rocky way ahead for the Indo-Pacific region.
See full thesis text: https://calhoun.nps.edu/handle/10945/62788




RUSSIA’S PROPOSAL FOR A EUROPEAN SECURITY TREATY: ORIGINS AND PROSPECTS 
Brad L. Hull, Major, United States Marine Corps
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Second Reader: Uwe Hartmann, Department of National Security Affairs
In 2008–2009, Dmitry Medvedev, then the president of Russia, proposed the conclusion of a European Se-
curity Treaty (EST) to provide “indivisible security” for nations from Vancouver to Vladivostok. Although 
this proposal came during a “reset” of Western relations with Russia, NATO governments ultimately rejected 
it. This thesis analyzes the treaty proposal and assesses Russian motivations for suggesting it. The thesis also 
explains why NATO governments rejected the EST, a proposal with provisions contrary to Western security 
interests. The potential for improved security cooperation between Russia and the West has been significantly 
limited since Vladimir Putin’s return to the presidency in 2012. Russia has annexed Crimea, destabilized 
eastern Ukraine, and taken other steps intended to discredit, fragment, and undermine the Western-led liberal 
world order. This thesis considers Western and Russian viewpoints, notably in light of developments since 
Medvedev proposed an EST. Although Russia has violated key elements of its proposed treaty, the Kremlin has 
nonetheless pursued the strategic goals it had hoped to achieve through the EST: subversion of NATO’s cohe-
sion and collective defense ability, weakening of the transatlantic link, veto power for Moscow in the European 
security architecture, and dominion in Russia’s near abroad.
See full thesis text: https://calhoun.nps.edu/handle/10945/62814
Keywords: European Security Treaty (EST), Euro-Atlantic Region, NATO, OSCE, Euro-Atlantic Security 
Order, Dmitry Medvedev, Budapest Memorandum, Crimea annexation, NATO enlargement, Euromaidan, 
Yanukovych, post-Soviet identity, spheres of interest, Russo-Georgian war, Putin, Russian nationalism, domes-
tic politics, color revolutions, economic sanctions, transatlantic partnership, United Nations Security Council, 
multipolar power structure, populism, humanitarian interventionism, frozen conflicts
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SECURITY STUDIES
RUNNING DRY: WATER SCARCITY IN PAKISTAN
Muhammad Jamil, Lieutenant Colonel, Pakistan Army
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Co-Advisor: Robert E. Looney, Department of National Security Affairs
Co-Advisor: Carolyn C. Halladay, Department of National Security Affairs
With a water shortage reaching alarming proportions, Pakistan shows every sign that it is on its way to a serious 
water crisis. Such external factors as climate change and trans-boundary developments pose some problems for 
Pakistan’s water supply; poor resource management at all levels of Pakistan’s government and administration 
exacerbates the crisis. While most people attribute the crisis simply to the lack of adequate storage capacity, 
very few recognize that the heart of the problem lies in other water resource management issues: inefficient 
supply and delivery systems, irrational distribution and consumption patterns, low irrigation efficiency, incor-
rect selection of crops, overexploitation of groundwater, and other governance and administrative failures. The 
state’s apparent apathy and indifference to this looming crisis represent an even greater crisis. This thesis asks: 
With no additional water to import, how can Pakistan cope successfully with its water scarcity? After taking 
stock of the water resources and identifying the causes adding to the crisis, this thesis offers a way forward on 
conservation and efficiency, storage, modernization of irrigated agriculture, crop selection, public awareness, 
regulatory framework, and other governance and administrative measures to enable Pakistan to cope with this 
resource crisis successfully. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62789
Keywords: Pakistan, water scarcity, water crisis, irrigation, agriculture, crops, irrigation efficiency, Indus Basin, 
Indus River, Barrage, IBIS, conservation, dam, storage, groundwater, climate change, Indus Water Treaty, sup-
ply and delivery, consumption, aquifer, precipitation, rain, glacier, micro, techniques, canal, modern, manage-
ment, trans-boundary, governance, administration, public awareness
FEMALE GENITAL MUTILATION: A DIFFERENT KIND OF TERRORISM
Kristie L. Krebs, U.S. Citizenship and Immigration Services, Department of Homeland Security
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Carolyn C. Halladay, Department of National Security Affairs
Co-Advisor: Rachel L. Sigman, Department of National Security Affairs
This thesis demonstrates that in addition to constituting a human rights violation, female genital mutilation 
can also function as a form of terrorism against women and girls. Much like a terrorist act, female genital 
mutilation is carried out to influence the attitudes and behavior of a wider target audience. Specifically, female 
genital mutilation is a violent act that perpetuates society’s control over women and influences gender inequal-
ity. A basic assessment of female genital mutilation against the core characteristics of terrorism reveals that, in 
many instances, all the elements commonly accepted by scholars who define terrorism are found within female 
genital mutilation. By demonstrating how female genital mutilation can function as a terrorist act, this thesis 
offers another category for experts to explore in the evolution of the phenomenon known as terrorism: gender-
based terrorism.
See full thesis text: https://calhoun.nps.edu/handle/10945/62822
Keywords: female genital mutilation, terrorism
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SECURITY STUDIES
DISASTER HOUSING FOR URBAN ENVIRONMENTS
Aisha E. Krieger, Captain, San Francisco Fire Department
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Lauren S. Fernandez, Center for Homeland Defense and Security
Co-Advisor: Shannon A. Brown, Department of National Security Affairs
The purpose of this research was to determine how government agencies can provide more effective post-disas-
ter housing in densely populated urban areas where the infrastructure has been damaged. The thesis analyzed 
the problems of previous disaster housing efforts both in the United States and abroad using the PESTEL ana-
lytical model, which considers the political, economic, social, technological, environmental, and legal concerns 
of a given issue. The research identified issues with the expense of post-disaster housing, the availability of land 
for placement of housing, deployment time, and the unmet needs of victims and those living near post-disaster 
housing. The thesis provides policy recommendations for government stakeholders that can address the identi-
fied issues.
See full thesis text: https://calhoun.nps.edu/handle/10945/62823
Keywords: disaster, housing, resilience, off-grid, energy, ADA, cost efficient, disaster planning, PESTLE 
framework, Japan Triple Disaster, Mariel Boatlift, Katrina, Puerto Rico, Hurricane Maria, Hurricane Irma, 
Hurricane Harvey, Christchurch, New Zealand, FEMA, HUD, GLO, Job Corps
THE GERMAN PARLIAMENTARY COMMISSIONER OF THE FEDERAL 
ARMED FORCES: FROM CONSTITUTIONAL WATCHDOG OF THE 
INNERE FÜHRUNG TO CONVENTIONAL MILITARY LOBBYIST
Kai Christoph Luetsch, Lieutenant Colonel, German Army
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Second Reader: Uwe Hartmann, Department of National Security Affairs
This thesis covers the development of the German parliamentary commissioner of the armed forces, the Weh-
rbeauftragten des Deutschen Bundestages, who has by law the obligation to oversee the military. The com-
missioner is entitled to ensure the army’s compliance with Innere Führung, which is first the concept of the 
citizen soldier and a military that is fully integrated into a liberal democracy and pluralistic society. Examining 
literature from the commissioner’s development until 2005 and assessing the commissioner’s work thereafter, 
this thesis concludes that the commissioner has lost focus on issues of Innere Führung, instead becoming an 
advocate of soldiers’ needs and interests and, recently, even a conventional military lobbyist that demands a 
greater military budget and more equipment (i.e., for more military strength and readiness). On the one hand, 
this shift is a result of ineffective means and instruments to assess the state and the essence of Innere Führung. 
On the other hand, it is an expression of a broader societal and political neglect of democratic and liberal values, 
which are taken for granted, as well as a lack of historical awareness regarding the dangers and risks of radical 
political tendencies and militarism.
See full thesis text: https://calhoun.nps.edu/handle/10945/62800
Keywords: Wehrbeauftragter, Parliamentary Commissioner of the Armed Forces, Germany, civil military rela-
tions, political oversight, civil oversight, German Security Policy, Bundeswehr, Federal Armed Forces, Bund-
estag, Innere Fuerhung, Innere Führung, Citizen Soldier, Human Rights of Soldiers, ombudsman, military 
lobbyism, parliamentary, parliament, military and constitution, German constitution, parliamentary oversight, 
transformation process, protection of soldiers, militarism, radicalism
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SECURITY STUDIES
DIVERSITY IN THE FIRE SERVICE: BEYOND BASIC DEMOGRAPHICS
Bailey C. Martin, Battalion Chief, City of Richmond Department of Fire and Emergency Services
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Anders Strindberg, Center for Homeland Defense and Security
Co-Advisor: Carolyn C. Halladay, Department of National Security Affairs
Research in diversity has failed to study the unique challenges that the fire service’s schedule, stress, and cul-
ture of tradition pose for diverse workforces. There has also been a lack of depth when researchers have studied 
demographics in the fire service. This case study uses the history and demographics of the Richmond (VA) 
Department of Fire and Emergency Services (RFES) to answer the following research question: What can 
homeland security agencies learn about diversity from the successes and challenges of the City of Richmond’s 
Department of Fire and Emergency Services? This research consists of a qualitative and quantitative study of 
this fire department. The qualitative study evaluates the factors that had the greatest impact on the work envi-
ronment. The quantitative study compares RFES to other career departments in Virginia and nationally. The 
results reveal a large gap, beyond basic demographics, in promotion opportunities for minorities and women 
in Virginia and national datasets. These same demographic groups in RFES, however, were promoted at rates 
higher than or equal to their counterparts.
See full thesis text: https://calhoun.nps.edu/handle/10945/62824
Keywords: diversity, fire service, inclusion
THE AFGHAN TALIBAN: EVOLUTION OF AN ADAPTIVE INSURGENCY
Elise A. Meszaros, Ensign, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Thomas H. Johnson, Department of National Security Affairs
Second Reader: James A. Russell, Department of National Security Affairs
Throughout its 25-year insurgency, the Afghan Taliban have evolved from a small group of madrasa students, 
mujahedeen fighters, and tribal Afghans into one of the most innovative and adaptive insurgencies in modern 
history. As a result, the U.S.-declared War on Terror in Afghanistan has persisted for 18 years as the Afghan 
Taliban continue to threaten regional security and stability. In 2019, renewed Taliban peace talks with the 
U.S. may be an indicator for optimism, but the historical patterns in Taliban strategy and ideology demand 
caution. The U.S. government has repeatedly underestimated the sophistication, innovation, and resiliency of 
the Taliban. This thesis examines how the Afghan Taliban’s strategies and ideologies have evolved since 1994 
when the group became an explicit political and military entity. Broken into distinct time periods, this the-
sis chronologically investigates the history of the insurgency using the following lenses: Afghan identity, the 
spread of transnational terrorism, tactical innovation, and political ingenuity. Outdated and over-generalized 
counterinsurgency doctrine led to millions of American deaths in Vietnam, Afghanistan, and Iraq. Success of 
future doctrine requires applied awareness of cultural complexities and adversarial behaviors. Agility, speed, 
and responsiveness must become major tenets of counterinsurgency planning moving forward.
See full thesis text: https://calhoun.nps.edu/handle/10945/62833
Keywords: Afghan Taliban, insurgency, counterinsurgency, Afghanistan, anti-Soviet jihad, United States, ad-
aptation, evolution, political ingenuity, tactical innovation, Afghan identity, transnational terrorism, jihad, 
Mullah Omar, Osama bin Laden, al-Qaeda, peace talks
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SECURITY STUDIES
FRIEND OR FOE? INDONESIA’S SHIFTING POLICY IN RESPONSE 
TO CHINA’S ASSERTIVENESS IN THE SOUTH CHINA SEA
Febriyanto Adi Nugroho, Lieutenant Commander, Indonesian Navy
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Michael S. Malley, Department of National Security Affairs
Co-Advisor: Anshu N. Chatterjee, Department of National Security Affairs
Indonesia’s foreign policy stance toward China is a significant issue as it is a major player and a core member 
of the Association of Southeast Asian Nations (ASEAN). Southeast Asia is increasingly a competitive and im-
portant region of the world where China is asserting its great power status. Since 2009, China-related South 
China Sea controversies have intensified. After submitting its South China Sea claim to the United Nations 
in opposition to Malaysia’s and Vietnam’s claim in 2009, China has increasingly defended its claim through 
increasing exercises and other forms of power assertion. The main purpose of this thesis is to show how and why 
Indonesia’s China policy shifted after 2009 in reaction to China’s action. The thesis explains each presidential 
administration’s China policy between 1999 and 2019 by using Kuik’s framework to identify the presence of 
two counteracting policies: risk-contingency and returns-maximizing options. Both of these policy options 
were executed by each Indonesian presidential administration toward China. After 2009, Indonesia’s degree of 
power rejection toward China increased in comparison to power acceptance. It showed a growing tendency to 
balance against China by intensifying its risk-contingency policy. Thus, Indonesia’s China policy shifted in the 
direction of balancing post-2009.
See full thesis text: https://calhoun.nps.edu/handle/10945/62790
Keywords: Indonesia, China, Southeast Asia, South China Sea, balancing, bandwagoning, hedging, inter-
national relations, foreign policy, small state, medium state, weaker state, balance, power, superpower, great 
power, leading state, threat, response, great power, geo politics, Indo Pacific
THE SOCIAL IMPLICATIONS OF KOREAN REUNIFICATION: POPULATION 
MIGRATION, SOCIAL INTEGRATION, AND DISCRIMINATION
Hang S. Pheiffer, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Robert J. Weiner, Department of National Security Affairs
Second Reader: Covell F. Meyskens, Department of National Security Affairs
Existing literature on the topic of a potential Korean reunification focuses primarily on three major areas of 
concern: the impact to regional and international security, fiscal costs analysis, and anticipation of various re-
unification scenarios. Assuming a unification under Seoul’s guidance, this thesis will seek to bridge a gap that 
exists in the field by examining the likely social implications of reunification on the Korean peninsula. It will 
argue that despite the similarities in culture, language, historical legacies, and ethnic roots, two particular sets 
of social issues—population migration and social discrimination—will prove to be more divisive and socially 
costly than those similar issues experienced in the aftermath of the German reunification. This thesis will con-
clude that seven decades of separation have created two vastly contradictory and incompatible Korean societies 
that will make the social integration of the two Koreas as sensitive, challenging, and complex as the more often 
debated security and economic repercussions. As such, the potential social implications should be discussed on 
an equal footing with security and economic consequences of Korean reunification.
See full thesis text: https://calhoun.nps.edu/handle/10945/62787




WHEN 9-1-1 IS NOT ENOUGH: TRANSITIONING THE 9-1-1 CENTER INTO 
A MULTI-CHANNEL EMERGENCY COMMUNICATIONS CENTER
Michelle R. Potts, Communications Manager, Chandler Police Department
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Second Reader: Bo Cheng, Altovista Technology
Second Reader: Nicholas Dew, Graduate School of Business and Public Policy
Disasters, terrorist attacks, and network outages have demonstrated the limitations of the 9-1-1 system. Emer-
gency communications centers that remain focused on 9-1-1 as the singular emergency reporting channel fall 
short of providing a comprehensive emergency response solution in their communities. A change is required to 
adapt to the modern means of communications, such as text and picture messaging, livestream video, crowd-
sourcing, apps, sensors, and social media. This thesis reports on the actions taken to transition an emergency 
communications center into a multi-channel environment capable of building resiliency, and provides supple-
mental reporting channels, creates situational awareness, and builds more efficient workflows. Using business 
model generation and lean strategy methodology, this thesis provides a model for implementation strategies 
and proposes a bottom-up approach to meet individual community needs. This thesis recommends a pathway 
to shift the culture and strategy in carrying out the mission of emergency communications and responding to 
requests for emergency services.
See full thesis text: https://calhoun.nps.edu/handle/10945/62825
Keywords: 9-1-1, emergency communications center, emergency reporting, multi-channel environment 
POWER TO XI: HOW XI JINPING CONSOLIDATED POLITICAL 
POWER IN THE PEOPLE’S REPUBLIC OF CHINA
Phillip M. Ramirez, Ensign, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael A. Glosny, Department of National Security Affairs
Second Reader: Christopher P. Twomey, Department of National Security Affairs
In March 2018, the Chinese National People’s Congress voted to abolish presidential term limits, paving 
the way for Chinese President Xi Jinping to rule the country indefinitely. This decision was but one part of a 
broader trend of power centralization taking place within the People’s Republic of China. Driven by Xi’s desire 
to centralize power in himself and in the Chinese Communist Party (CCP), this trend has reversed the insti-
tutionalization of several rules and norms in Chinese politics, begging the question: How exactly was Xi able 
to overcome decades of momentum to bring about significant changes within the Chinese political system? In 
this thesis, I test two possible explanations for Xi’s success. First, I examine the possibility that Xi leveraged a 
strong desire among many members of the CCP to restart political and economic reforms within the country 
in order to persuade the party to back his political changes. Second, I test the idea that Xi has paved the way 
for his changes in the political sphere by using his anti-corruption campaign to purge political opponents from 
the CCP and to silence others. Using the best available evidence, I conclude that the preponderance of evidence 
indicates that Xi utilized both these methods to strengthen his personal power and reverse the trend of insti-
tutionalization in the Chinese political system, but the changes Xi has brought to the Chinese political system 
could not have been possible without the support of the CCP as a whole.
See full thesis text: https://calhoun.nps.edu/handle/10945/62804
Keywords: People’s Republic of China, Communist Party of China, politics, institutions, Xi Jinping
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DURABILITY OF OPPOSITION MOVEMENTS IN RUSSIA
Kayla M. Savage, Ensign, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Anne L. Clunan, Department of National Security Affairs
Second Reader: Mikhail Tsypkin, Department of National Security Affairs
Anti-government protest movements have been increasingly significant in Russian politics. This thesis investi-
gates why these movements have risen, as well as if and how they resonate with the broader segments of Rus-
sian society. It draws inferences based on scholarly research regarding the durability of these movements in the 
short and long terms based on social movement theory. Through the application of this theory, it is found that 
mobilization is the most determining characteristic in measuring the opposition’s potential durability. With 
the Russian government’s thus far successful campaign to suppress anti-government movements and mobiliza-
tion numbers too minimal to generate a necessity for genuine and lasting change, hope for the resilience of the 
country’s opposition force is nominal.
See full thesis text: https://calhoun.nps.edu/handle/10945/62834
Keywords: Russian youth, youth movements, contentious politics, Russian identity groups, street politics
ASIAN STATE RESPONSES TO CHINA’S SPACE POWER STRATEGY
Benjamin T. Smart, Ensign, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: James C. Moltz, Department of National Security Affairs
Second Reader: Michael S. Malley, Department of National Security Affairs
China’s rise as a space power has coincided with its quest for hegemony in the Indo-Pacific. Advances in China’s 
space capabilities constitute a threat to regional states’ national security, economic competitiveness, and na-
tional prestige. Accordingly, regional space powers have revised their strategies to better compete with China. 
This thesis examines Japan’s, India’s, and Vietnam’s renewed approaches to space power and space security 
amidst China’s rise. Shifts in military, commercial, and civil space policy are examined among the selected case 
studies. This thesis finds that Asian states are departing from historical norms by employing militarized space 
assets to counter the security threat from China. They are also allowing the private sector to play a larger role in 
their commercial space industry to improve efficiency, innovative capacity, and diplomatic outreach. Bilateral 
and multilateral cooperation, as well as investments in techno-nationalist space-science projects, also supple-
ment the renewed soft-power response to Chinese space diplomacy. This thesis presents policy prescriptions for 
the United States to capitalize on the increasing degree of alignment among regional space powers’ strategic 
interests. Recommendations include enhanced military-to-military relations, relaxation of commercial restric-
tions, and increased cooperation in civil space to balance against China.
See full thesis text: https://calhoun.nps.edu/handle/10945/62802
Keywords: space, space power, China, Vietnam, India, Japan, civil, commercial, military, diplomacy, soft 
power, internal balancing, external balancing, balance of power
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U.S.-CUBA RELATIONS: ANALYSIS OF POST–COLD WAR FAILED RAPPROCHEMENT
Ryan G. Sorge, Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Christopher N. Darnton, Department of National Security Affairs
Second Reader: Tristan J. Mabry, Department of National Security Affairs
The United States and Cuba have long had a contentious relationship. Following Fidel Castro’s revolution, the 
antagonism was bolstered by the Soviet Union’s support for Cuba. After the collapse of the Soviet Union and 
the end of the Cold War, it was predicted by some that the end of Castro’s regime was near and the United 
States would be there to help with democratization of Cuba. Instead, Castro has managed to stay in power and 
the U.S. and Cuba have failed to achieve rapprochement. This thesis analyzes the Balsero rafter crisis of 1994, 
the use of Guantanamo Bay (and subsequent controversy) as a detention center for enemy combatants from 
the Afghanistan conflict, Obama’s normalization of diplomatic relations with Cuba, and finally the enactment 
of the Cuban Liberty and Democratic Solidarity Act (LIBERTAD), otherwise known as Helms-Burton. In 
doing so, the aim is to determine whether culture, structure, or the actions of individual leaders factored more 
predominately into the outcome of the four events. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62785
Keywords: Cuba, post-Cold War, rapprochement, Helms-Burton Act, LIBERTAD, Balsero
ORIGINS OF THE BREAKUP OF YUGOSLAVIA IN THE 1990S
Slavco Strezoski, Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Co-Advisor: Mikhail Tsypkin, Department of National Security Affairs
The Socialist Federal Republic of Yugoslavia (SFRY) broke apart violently in the early 1990s. This thesis ex-
plores evidence about the root causes of Yugoslavia’s turbulent disintegration.  It evaluates the cogency of the 
most prominent suggested causes of the SFRY’s breakup, and draws conclusions regarding the most convincing 
explanations. The most frequently discussed potential causes of the breakup include nationalism, international 
politics, economic competition, contention among the Yugoslav political elites, and “ancient hatreds.”  From 
the creation of Yugoslavia in 1918 until the combat began in 1991, there was constant tension between the dif-
ferent ethnicities, and the fiercest disputes were between the Serbs and the Croats.  The thesis concludes that 
none of the proposed causes alone can provide an explanation for the SFRY’s dissolution, which involved the 
interaction of multiple factors. However, the self-interested republic-level Yugoslav political elites, backed by 
certain foreign countries, constituted the decisive factor in the Yugoslav federation’s collapse.
See full thesis text: https://calhoun.nps.edu/handle/10945/62784
Keywords: Yugoslavia, ethnic war, nationalism, ancient hatreds, Yugoslav Civil War, the collapse of Yugosla-
via, Milosevic, Tudjman, Yugoslav People Army, YPA, self-management system, SFRY
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SECURITY STUDIES
FIAT CURRENCY, FROM WALLET TO MUSEUM: ACCELERATING 
THE INEVITABLE IN THE NAME OF HOMELAND SECURITY
Michael J. Swangler, Assistant to the Special Agent in Charge,  
United States Secret Service, Department of Homeland Security
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Michael E. Freeman, Faculty Administration
Co-Advisor: Lauren S. Fernandez, Center for Homeland Defense and Security
This research examined what influence large-denomination currency has on the financial networks of terror 
and criminal groups. This thesis analyzed how the removal of the $50 and $100 bills would affect these illicit 
groups. A historical review identified the use and effectiveness of large-denomination currency in the context 
of social acceptance and its place in the modern global financial payment system. This thesis employed a com-
parative policy analysis to examine alternatives to cash as an effort to combat the illicit world of finance. Rec-
ommendations include that the U.S. government reevaluate its obligation with respect to large-denomination 
circulating currencies, and develop alternate financial frameworks that incorporate the restriction or discon-
tinuation of the $50 and $100 notes.
See full thesis text: https://calhoun.nps.edu/handle/10945/62793
Keywords: cash, money, terror, finance, fiat, Federal Reserve 
INDIA’S GRAND STRATEGY: AMBITIONS AND CAPACITY 
Suzelle M. Thomas, Ensign, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Co-Advisor: Feroz H. Khan, Department of National Security Affairs
Co-Advisor: Carolyn C. Halladay, Department of National Security Affairs
There currently exists a critical consensus that India’s leaders lack a grand strategy to direct internal and ex-
ternal policies. Recent literature focuses increasingly on this issue to address the question of India’s ability to 
counter China’s rising influence in South Asia and the Indian Ocean Region. This thesis analyzes the ideologi-
cal and historical factors that have contributed to India’s grand strategy policy-making process. Specifically, the 
research focuses on two primary schools of strategic thought in India’s rich history: the Indira Doctrine and 
the Gujral Doctrine. This study builds on George Tanham’s mandala system of strategic thinking, which places 
India’s spheres of influence into three concentric circles: the core, periphery, and extended neighborhood. Using 
this analytical framework, this thesis tests the Indira and Gujral Doctrines for their ability to resolve India’s 
strategic concerns in each sphere of influence. The study concludes that India will not be able to counter China’s 
influence or project its own global power until strategic issues in the core and periphery are resolved. In light 
of India’s desire to wield great power, this thesis suggests that India’s leaders draw on the policies found in the 
Indira and Gujral Doctrines to devise a coherent grand strategy.
See full thesis text: https://calhoun.nps.edu/handle/10945/62755
Keywords: India, Indian Ocean, Indian Ocean Region, South Asia, strategy, grand strategy, strategic au-
tonomy, Indira Doctrine, Gujral Doctrine, Mandala, security
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SECURITY STUDIES
THE FARC AND THE FSLN: A STUDY IN DIVERGENCE IN OUTCOMES 
OF LATIN AMERICAN MARXIST-LENINIST INSURGENCIES
This paper has been recognized as outstanding by its department.
Stephen Tynes, Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Christopher N. Darnton, Department of National Security Affairs
Second Reader: S. Paul Kapur, Department of National Security Affairs
The factors that fuel the success or failure of insurgencies are an important and debated topic in national se-
curity circles. This work examines the cases of the Fuerzas Armadas Revolucionarias de Colombia (FARC) in 
Colombia, an insurgency failure, and the Frente Sandinista de Liberación Nacional (FSLN) in Nicaragua, an 
insurgency success, to determine why certain Latin American insurgencies succeed while others fail. Common 
theories, particularly in Latin America, attribute successful insurgencies to U.S. intervention on behalf of the 
host nation government, or focus on structural and material factors or regime type. Though these factors play 
a role, insurgent success in Latin America relies more heavily on the insurgency’s ability to cultivate a broad-
based coalition of support both externally and domestically, coupled with shrewd political strategy that focuses 
on pragmatism and compromise. By examining state strategies for dealing with insurgents and best prac-
tices for counterinsurgency, the author concludes that efforts focused on alleviating the population’s concerns 
through legitimate societal and political reform, coupled with attempts to undermine the insurgent’s critical 
base of support, are the most efficient strategies for successful counterinsurgency operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62783
Keywords: FARC, FSLN, Colombia, Nicaragua, Marulanda, Ortega, Insurgency
COMBATING STRATEGIC WEAPONS OF INFLUENCE ON SOCIAL MEDIA
Robert E. Walker, Resident Agent in Charge, Wilmington Resident Office,  
United States Secret Service, Department of Homeland Security
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: James J. Wirtz, Department of National Security Affairs
Co-Advisor: Scott E. Jasper, Department of National Security Affairs
This thesis provides an overview of how the Russian Federation deploys strategic weapons of influence through 
social media with the intent to weaken the United States. The thesis asserts that these influence weapons are a 
direct threat to U.S. national security and have not been completely neutralized by present countermeasures. 
In an effort to improve the U.S. response to this threat, this thesis seeks to answer the following questions: (1) 
How effective has the U.S. government’s response been to countering Russia’s strategic weapons of influence 
on social media from the 2016 U.S. presidential election through the end of 2018? (2) How effective has the 
social media industry’s self-regulation been in preventing further platform exploitation by strategic weapons of 
influence during the same time frame? This thesis finds that both the present governmental and private sector 
responses have not completely blunted this threat. The Kremlin’s continued propagation of socially corrosive, 
divisive narratives over social media highlights the need for an improved response capability that includes cog-
nitive defenses and a government-housed alert mechanism. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62826
Keywords: propaganda, social media, information warfare, active measures, influence operations, democracy, 
social discourse, hybrid warfare, bots, trolls, cyber, psychological operations, Soviet Union, Russia, Facebook, 
Twitter, Instagram, Google, big data, data analytics, micro targeting, 2016 presidential election
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SECURITY STUDIES
IMPACT OF CHINA’S INDIAN OCEAN STRATEGY: THE CASES OF INDIA AND MYANMAR
Christopher Wehner, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Daniel J. Moran, Department of National Security Affairs
Second Reader: Covell F. Meyskens, Department of National Security Affairs
Chinese policy, both internally and internationally, is overwhelmingly concerned with sustaining economic 
development, which is significantly dependent upon overseas trade, in order to ensure social stability and 
government legitimacy. China’s strategy encompasses not only the economic investment of the Belt and Road 
Initiative but also the political and military aspects. This thesis considers the impact these kinds of Chinese 
actions may have on India and Myanmar, which also have a strong interest in the security of Indian Ocean 
trade. David’s theory of omnibalancing was used to assess the aspects of national power utilized by the Chinese 
Indian Ocean strategy. This thesis finds that the military aspect of Chinese strategy in the Indian Ocean has 
influenced India to balance against China while not necessarily committing to potential closer ties with the 
United States. Additionally, the military and political aspects of Chinese strategy in the Indian Ocean have 
drawn Myanmar closer, while the economic aspects of China’s strategy have made Myanmar more cautious, 
causing it to hedge between the competing strategies of China and the United States. These findings sug-
gest that the United States should focus on moderate actions toward China within the reassurance-dissuasion 
spectrum, seeking areas of cooperation that could decrease misunderstandings, and pursuing active denial by 
strengthening relations and partnerships between the United States and other Asian countries.
See full thesis text: https://calhoun.nps.edu/handle/10945/62782
Keywords: China, Myanmar, India, Indian Ocean strategy
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COST-BENEFIT ANALYSIS OF AIRCRAFT TRANSITION FOR 
NAVY FLIGHT DEMONSTRATION SQUADRON
David Tickle, Commander, United States Navy
Scott E. Adams, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Amilcar A. Menichini, Graduate School of Business and Public Policy
Co-Advisor: Simona L. Tick, Graduate School of Business and Public Policy
In this work, we conduct a financial cost-benefit analysis concerning the Navy Flight Demonstration Squad-
ron’s (Blue Angels) transition from the current aircraft, F/A-18 Legacy Hornet, to two alternatives, the F/A-18 
Super Hornet or F-35C Lightning II. By systematically comparing expected procurement, testing, and operat-
ing costs with potential benefits, the methodology we developed in this thesis provides Department of the Navy 
leadership with valuable data in support of an informed decision on the future of the Blue Angels flight demon-
stration. Based on the assumptions, methodology, and the findings from our financial cost-benefit analysis, our 
recommendation to the Department of the Navy is to transition the Blue Angels to the F/A-18 Super Hornet 
for use in the foreseeable future.
See full thesis text: https://calhoun.nps.edu/handle/10945/62700
Keywords: Blue Angels, cost-benefit analysis, F/A-18, Super Hornet, F-35C, JSF
COMPARISON OF ACQUISITION EFFICIENCY ON SUBSISTENCE 
CONTRACT MANAGEMENT BETWEEN THE U.S. AND JAPAN
This paper has been recognized as outstanding by its department.
Jeffrey J. Eom, Lieutenant Commander, United States Navy
John R. Bing, Lieutenant Commander, United States Navy
Michael Huddleston Jr., Major, United States Army
Master of Business Administration
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Charles K. Pickar, Graduate School of Business and Public Policy
The objective of this research is to identify and analyze an efficient acquisition process in acquiring subsistence 
(food) by comparing the U.S. and Japanese militaries. This will be accomplished by reviewing the entire process 
of subsistence contract management beginning from procurement planning, solicitation planning, solicitation, 
source selection, contract administration, and contract closeout. Through this analysis, metrics are developed 
that can measure which country’s contracting system is more efficient in terms of process flow in regard to 
acquiring subsistence. Due to the differences in operational commitments, this thesis will focus on dynamic 
operational environment in the Pacific theater.
See full thesis text: https://calhoun.nps.edu/handle/10945/62746
Keywords: contract management, subsistence, PACOM, Japanese Self Defense Force, contract process, 
contract flow, food
MASTER OF BUSINESS ADMINISTRATION
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MASTER OF BUSINESS ADMINISTRATION
ANALYSIS OF THE NAVY’S PLANNED AND EXECUTED BUDGETS 
AND THEIR EFFECT ON SUPPLY MANAGEMENT
Wanda I. Colon, Lieutenant, United States Navy
Zach C. Manriquez, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Ryan S. Sullivan, Financial Management
Co-Advisor: Amilcar A. Menichini, Graduate School of Business and Public Policy
The Department of Defense (DoD) budget is the end product of the Planning, Programming, Budgeting, and 
Execution process, which is submitted to Congress two years in advance of execution. Thus, the DoD will 
always demonstrate a monetary difference between the planning and execution phases. A significant difference 
between the planning and execution affects providers such as Naval Supply Systems Command (NAVSUP), 
which is responsible for the managing and financing of materiel. From 2007 to 2017, there was an average bud-
get difference of $3.1B for Operation and Maintenance, Navy appropriation. NAVSUP receives the DoD bud-
get requirements from resource sponsors and budget submitting offices (BSOs) and determines how to invest 
by utilizing an inflation category code (ICC), such as consumable parts (412) and repairable parts (503). This 
study analyzed the budget differences for ICC 412 and 503 from 2007–2017; it demonstrated which budget 
line items (BLIs) and BSOs had the most significant contribution to these differences. For ICC 412 and 503, 
our analysis showed the most significant differences were observed in the years 2007–2011 and 2014–2017, and 
that the BLIs Mission and Other Flight Operations (1A1A) and Mission and Other Ship Operations (1B1B) 
demonstrated the most significant budget differences. It was also determined that BSO for Commander, U.S. 
Fleet Forces, and Commander, U.S. Pacific Fleet had the most significant impact on the budget differences for 
these BLIs.
See full thesis text: https://calhoun.nps.edu/handle/10945/62750
Keywords: defense budget, PBIS, NWCF, PPBE, POM, budget difference, budget line item, supply manage-
ment, revolving account, budget submitting office, operation and maintenance appropriation
ANALYZING HOW THE FEDERAL GOVERNMENT’S BUDGETARY CONSTRAINTS IMPACT 
THE HELICOPTER PROGRAM (H-XBR PROJECT) IN THE BRAZILIAN AIR FORCE
Roberto Sergio do Nascimento Pinheiro, Lieutenant Colonel, Brazilian Air Force
Master of Business Administration
Advisor: Geraldo Ferrer, Graduate School of Business and Public Policy
Co-Advisor: Uday M. Apte, Graduate School of Business and Public Policy
The purpose of this project is to analyze how the federal government’s budgetary constraints, which impose 
limitations on the commitment and payment of budget appropriations, have influenced the creation of value 
and performance of the helicopter program (H-XBR Project) in the Brazilian Air Force. To accomplish this 
objective, this thesis models the application of investment and performance analysis techniques as specifically 
applied to project-related data based on net present value, internal rate of return, and earned value manage-
ment. Such analysis is essential for comprehending how budgetary constraints affect the H-XBR Project. Going 
forward, decision makers can apply the demonstrated models when deciding about future projects in the Bra-
zilian Air Force to assess their viability and to maximize the organizational resources based on viable projects.
See full thesis text: https://calhoun.nps.edu/handle/10945/62765
Keywords: budgetary constraints, project viability, net present value, internal rate of return, earned value 
management
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ESTABLISHING AN ADDITIVE MANUFACTURING (AM)  
NAVY ENLISTED CLASSIFICATION FOR THE MACHINERY REPAIRMAN  
TO ENABLE EFFICIENT USE OF AM AND MASS ADOPTION OF THE TECHNOLOGY   
Bradford L. Edenfield, Lieutenant Commander, United States Navy
Gilbert Garcia Jr., Lieutenant, United States Navy
Kazuma Yoshida, Lieutenant, Japan Maritime Self-Defense Force
Master of Business Administration
Advisor: Kenneth H. Doerr, Graduate School of Business and Public Policy
Co-Advisor: Amela Sadagic, MOVES Institute
Co-Advisor: William D. Hatch II, Graduate School of Business and Public Policy
Additive manufacturing (AM) technology has been making significant advances in recent years. While indus-
try has already started exploiting it in its daily operations, the adoption and implementation of AM technology 
across the Department of Defense (DoD) and Department of the Navy (DoN) are still in very early stages. 
The major value that DoD and DoN plan to achieve are improvements in operational readiness, cost-savings, 
and increases in warfighting capability. The DoN has yet to identify the elements of a comprehensive training 
program across the fleet, including the training of operational-level users. Should a Navy Enlisted Classification 
(NEC) be created for the Machinery Repairman (MR) rating to ensure safe and competent use of AM technol-
ogy? Does creating an NEC support DoD and DoN policies and guidelines for AM implementation? This re-
port examines those questions and provides a rationale and recommendations for the creation of an AM NEC, 
including a set of critical skills that should be a part of that training. Methodology developed and used in this 
report could be applied to examine the needs of other rates beyond MR. Recommended future work empha-
sizes the need to continue updating the training program recommended in this report, keeping it relevant with 
advances made in AM technology and our growing understanding about DoN applications of this technology.
See full thesis text: https://calhoun.nps.edu/handle/10945/62753
Keywords: AM, 3D printing, education, training, standardized training, AM technology adoption
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MASTER OF BUSINESS ADMINISTRATION
GRADUATE EDUCATION AS A STRATEGIC ASSET:  
DERIVING EDUCATIONAL CORE COMPETENCIES FOR NAVAL AVIATION
This paper has been recognized as outstanding by its department.
Jeffrey R. Pinkerton, Lieutenant Commander, United States Navy
Jeffry S. Findlay, Commander, United States Navy
Master of Business Administration
Advisor: Howard Pace Jr., Graduate School of Business and Public Policy
Co-Advisor: Mie-Sophia E. Augier, Graduate School of Business and Public Policy
The release of NAVADMIN 263/18 and the 2018 Education for Seapower Final Report marked a dramatic 
departure from the status quo of graduate education in the naval profession. The Navy will be placing renewed 
emphasis on in-residence graduate education, with mandatory attendance requirements for future groups of 
officers. This project examines the mismatch between graduate education objectives as they currently exist and 
the core competencies required of due-course tactical aviation officers in order to meet the needs of naval avia-
tion leadership and align graduate education efforts with Education for Seapower objectives. Research methods 
focus on analyzing language contained in promotion and screen board guiding documents to derive core com-
petencies by integrating and building upon relevant core competency literature.
See full thesis text: https://calhoun.nps.edu/handle/10945/62763
Keywords: leadership, management, strategic management, curriculum, naval aviation, naval aviation enter-
prise, aerospace, critical thinking, core competency, competency, naval education enterprise, Education for 
Seapower, education, seapower
AN ANALYSIS OF THE TAIWAN NAVY MINEHUNTER PROCUREMENT FRAUD CASE
Hui-Fen Huang, Lieutenant, Taiwan Navy
Master of Business Administration
Advisor: Rene G. Rendon, Graduate School of Business and Public Policy
Co-Advisor: Juanita M. Rendon, Graduate School of Business and Public Policy
This thesis analyzes the alleged fraud and non-fraud incidents related to the Taiwan Navy (ROCN) minehunter 
procurement fraud case through the lens of auditability theory. In 2014, the Ching-Fu Shipbuilding Company 
was awarded a US $1.85 billion contract from the Taiwan Navy to build six minehunters; but, due to Ching-
Fu’s loan syndication scandal and contract breach, the Taiwan Navy terminated the contract. This procurement 
failure hindered Taiwan’s indigenous defense shipbuilding goal and damaged the national interest. In this the-
sis, a three-part matrix was created to describe the alleged incidents of Taiwan Ministry of National Defense 
(MND), First Bank, and Ching-Fu’s fraudulent loan activities. The alleged incidents detailed in the investiga-
tion report and publicly available resources are aligned with contract management processes, internal control 
components, and procurement fraud schemes to identify the vulnerable areas. The research findings indicate 
that the source selection and contract administration phases were the most vulnerable areas. In addition, the 
control activities component was found to be the most vulnerable internal control component. Furthermore, 
the four procurement fraud schemes found in this case included a fraudulent financial capital increase, a shell 
company creation, fraudulent representation, and money laundering. Based on these findings, recommenda-
tions are provided to improve the Taiwan military procurement process going forward.
See full thesis text: https://calhoun.nps.edu/handle/10945/62764
Keywords: Taiwan Navy minehunter procurement fraud case, shell company, money laundering, contract 
processes, contract management, internal control, syndicated loan
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APPLICATION OF BLOCKCHAIN TECHNOLOGY ON ENLISTED DETAILING PROCESS
Benjamin M. Petrisin, Lieutenant Commander, United States Navy
Geoffrey N. Johnson, Lieutenant Commander, United States Navy Reserve
Master of Business Administration
Advisor: Amilcar A. Menichini, Graduate School of Business and Public Policy
Second Reader: Chong Wang, Graduate School of Business and Public Policy
The current enlisted detailing process is completely centralized, requiring a time-intensive system to negotiate 
and match Sailor preferences to job gaps. The process is managed by Bureau of Naval Personnel (BUPERS) 
detailers through coordination with placement officers, command representatives, and the individual Sailors 
seeking available billets. Individual Sailor records are also maintained at BUPERS, using multiple databases. 
This report researches the use of blockchain technology to provide a decentralized marketplace to streamline 
the process while still protecting sensitive data.  While this report concludes that it is entirely feasible to encode 
Sailor records on a blockchain ledger, further research is recommended in the form of a cost-benefit analysis 
(CBA) to determine whether this solution is right for BUPERS. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62756
Keywords: blockchain, detailing, marketplace, records, retention
APPLICATION OF A BIG DATA PLATFORM FOR BINARY DATA
Pyojeong Kim, Major, Republic of Korea Army
Master of Business Administration
Advisor: Arijit Das, Department of Computer Science
Co-Advisor: Sean P. Kragelund, Department of Mechanical and Aerospace Engineering
Second Reader: Glenn R. Cook, Department of Information Sciences
Using big data is essential for survival in any organization. While most data used in the workplace in the past 
were structured, the use of unstructured data is dramatically increasing and accounts for most of data growth. 
Handling unstructured big data is now significant for success in organizations. Sonar files are an example of 
unstructured big data used in the U.S. Navy. The Navy stores sonar data on separate data storage devices such 
as the hard disks of laptops and CDs. When users need to make a decision by analyzing the data, they must 
manually search for the relevant file across the storage system and physically transfer it to the proper applica-
tions to be read, which delays decision making. This thesis suggests a way to handle this challenge by using a 
big data platform. In this thesis, the performance of a big data platform is compared to that of the standalone 
system. Specifically, the binary data of sonar files were extracted and converted into metadata, which can be 
used for a query in the Oracle relational database and Application Express (APEX). As an example of big data 
analytics, a multilayer perceptron regression algorithm was implemented with the metadata. The same environ-
ment was established in a Hadoop ecosystem like MapReduce, Hive, and Spark. Finally, this research suggests 
that a big data platform would be economically beneficial.
See full thesis text: https://calhoun.nps.edu/handle/10945/62740
Keywords: sonar data, machine learning, database, Hadoop, spark, big data, binary data
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MASTER OF BUSINESS ADMINISTRATION
ORGANIZATIONAL ASSESSMENT OF A FUTURE SURFACE 
FORCE DEVELOPMENT SQUADRON (SURFDEVRON)
Timothy M. McDaniel, Lieutenant, United States Navy
Master of Business Administration
Advisor: Shelley P. Gallup, Department of Information Sciences
Co-Advisor: Spencer T. Brien, Graduate School of Business and Public Policy
To address an increasingly competitive security environment, the U.S. Navy surface force needs new or im-
proved capabilities to attack, deceive, and defend against adversary ships, aircraft, missiles, submarines, and 
cyber and electronic attacks; and, it needs more agile acquisition practices that enable a rapid and iterative ap-
proach to improving performance. To deliver these capabilities, the Navy is exploring a surface development 
squadron (SURFDEVRON), similar in spirit to the submarine and aviation communities. This will serve as 
an interface between the research community (e.g., ONR, DARPA), other Navy warfare development com-
mands (e.g., SMWDC), and the fleet; coordinate the at-sea testing of advanced technologies and their associ-
ated tactics, techniques, and procedures (TTP); and accelerate the integration of new technologies into the 
surface force. There are many options that exist that can facilitate the creation of a SURFDEVRON. This thesis 
explores some of those options and provides options that can be further explored in follow-up thesis projects.
See full thesis text: https://calhoun.nps.edu/handle/10945/62759
Keywords: development squadron, unmanned surface vessels, USV, unmanned aerial systems, UAS, surface, 
combatant, DEVRON, Total Ownership Cost Model, simulation
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BLOCKCHAIN ACCESS MANAGEMENT WITH GLOBAL 
COMBAT SUPPORT SYSTEM-MARINE CORPS
This paper has been recognized as outstanding by its department.
Brandan R. Schofield, Captain, United States Marine Corps
Master of Business Administration
Brittany Snelgrove, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Glenn R. Cook, Department of Information Sciences
Second Reader: Arijit Das, Department of Computer Science
The Marine Corps Operating Concept (MOC) outlines critical tasks which will have a significant impact on 
current Marine Corps logistics Major Automated Information Systems (MAIS), especially as tactical units 
operate in data-contested environments. Key to achieving these tasks in the MOC is ensuring that the Marine 
Corps’ logistics MAIS, Global Combat Support System-Marine Corps (GCSS-MC), enables logistics sustain-
ment across the entire spectrum of conflict. GCSS-MC is used to manage, control, identify and distribute 
ground supplies and track maintenance actions for the Marine Corps. The security protocols utilized to secure 
web traffic between client and server for GCSS-MC are central to availability and usability of the system. These 
security protocols are access and identity management, enabling client authentication. Access and identity 
management on GCSS-MC is handled by Oracle Access Management (OAM), enabled by standard public key 
infrastructure security protocols. OAM provides centralized web-enabled access and identity management for 
users worldwide. Although these protocols enable security of a client’s session on the system, issues with the 
implementation of these protocols have actually degraded the performance of the system. This research explores 
blockchain technology as an access management tool for GCSS-MC, proposing an emergent blockchain access 
management protocol for GCSS-MC.
See full thesis text: https://calhoun.nps.edu/handle/10945/62821









Cyber Systems & Operations
Defense Analysis
Electrical Engineering
Information Strategy & Political Warfare
Information Technology Management
Information Warfare Systems Engineering
Management
Mechanical Engineering
Meteorology & Physical Oceanography
Modeling, Virtual Environments, & Simulation









MASTER OF SCIENCE  
IN  
APPLIED MATHEMATICS
FORWARD ERROR CORRECTION ENCODING ON THE MULTIPLE INPUT/
MULTIPLE OUTPUT FREE SPACE OPTICAL COMMUNICATIONS CHANNEL
Paul C. Keeley, Major, United States Marine Corps
Master of Science in Applied Mathematics and  
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: David R. Canright, Department of Applied Mathematics
Second Reader: Peter R. Ateshian, Department of Computer Science
As a high bandwidth, narrow beamwidth channel, free space optical (FSO) communications can potentially 
achieve high data rates with a low probability of detection and intercept. However, in addition to the addi-
tive white Gaussian noise typical of radio frequency communications, atmospheric turbulence adds random, 
relatively long duration fades to the channel, which significantly decrease overall throughput. This thesis ex-
plores how various forward error correction (FEC) techniques affect the channel capacity of a multiple input/
multiple output (MIMO) system. A statistical model of the channel is developed from the existing literature. 
Thirteen coding and modulation schemes are implemented in software and tested against this channel model 
under different simulated levels of noise and turbulence. Codes are compared by characteristics such as energy 
per bit and outage thresholds to determine which characteristics of the different codes most critically affect 
performance. Key performance indicators for each code include average bit error rate, overall throughput, and 
variability. A recommendation is made to implement variable-level coding in future advanced technology dem-
onstrators or prototypes developed for the FSO MIMO system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62846
Keywords: free space optical communications, forward error correction, low probability of intercept, low prob-
ability of detect
PIECEWISE-AFFINE CLASSIFIERS IN SUPPORT VECTOR MACHINES
Matthew T. Miller, Major, United States Marine Corps
Master of Science in Applied Mathematics and Master of Science in Operations Research
Advisor: Johannes O. Royset, Department of Operations Research
Co-Advisor: Arthur J. Krener, Department of Applied Mathematics
Second Reader: Matthew Norton, Department of Operations Research
The Support Vector Machine (SVM) model has been a topic of study for over twenty years, and novel ap-
proaches to the classification problem using SVM continue to be established. In this work, we develop a new, 
nonlinear version of SVM based on a piecewise-affine classifier. This class of classifiers constitutes a tractable 
class beyond the affine functions that enables approximation of nonparametric SVM in high dimensions. We 
solve the resulting Piecewise-Affine SVM (PA-SVM) model using the Difference-of-Convex Algorithm (DCA) 
and a stochastic gradient descent (SGD) algorithm. The PA-SVM model is nonconvex, and the algorithms 
generally only provide locally optimal solutions. Still, they provide for a robust, capable classifier. Results show 
that by using DCA, the PA-SVM model can significantly reduce training misclassifications relative to the 
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common Affine SVM (A-SVM) model by as much as 92%. Additionally, we show that test set errors can be 
reduced by as much as 67% compared to A-SVM. We find that solutions are more affected by the number of 
pieces employed rather than by regularization penalties. These results come from applying the PA-SVM model 
to three real-world data sets whose total features range from 16 to 41 and whose total observations range from 
194 to 1,553.
See full thesis text: https://calhoun.nps.edu/handle/10945/62730
Keywords: optimization, classification, piecewise-affine, difference of convex, difference of convex algorithm, 
support vector machine, stochastic gradient descent, nonconvex, nonlinear
UNINTENDED CONSEQUENCES: UNDERSTANDING THE EFFECTS 
OF CHANGING INFANTRY BATTALION FORCE STRUCTURE ON 
FORCE GENERATION WITH NETWORK OPTIMIZATION
This paper has been recognized as outstanding by its department.
Christopher J. Teska, Captain, United States Marine Corps
Master of Science in Applied Mathematics and Master of Science in Operations Research
Advisor: Ruriko Yoshida, Department of Operations Research
Co-Advisor: Carlos F. Borges, Department of Applied Mathematics
Second Reader: Matthew Norton, Department of Operations Research
This research seeks to understand the balance between Total Force Structure changes and the Force Genera-
tion Process. The Marine Corps must adapt its infantry battalion force structure to maintain an advantage in 
future conflicts. These changes affect not only the number of Marines but also the mix of ranks and specialties 
required to man deploying units. Traditionally, planners utilized mixed-integer linear programs to forecast 
the manpower mix to meet structural requirements. The network flow approach used in this research provides 
a better and faster tool to understand how structural changes will affect the ability to man the service as a 
whole. The model utilizes manpower projections, Tables of Organization, historical deployment schedules, and 
mathematical optimization to produce solutions that maximize infantry battalion readiness while minimizing 
the effect on the supporting establishment. The flexible nature of the model allows decision makers to evaluate 
current and proposed policy in manpower management with respect to its impact on deploying unit readiness. 
The increases in efficiency allow planners to quickly estimate the readiness consequences of new policy. Sensi-
tivity analysis on all constraints delivers insight into possible adjustments to recruiting and retention goals, unit 
staffing goals, and deployment rhythm. The results of this research are both a high-level evaluation of current 
policy and a set of practical tools to assess proposed changes.
See full thesis text: https://calhoun.nps.edu/handle/10945/62849
Keywords: optimization, Marine Corps, manpower, force generation, infantry, manning, network, assign-
ment, USMC, deployment, dwell, data warehouse, Table of Organization, staffing, total force structure, man-
ning, network optimization, network flow
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BORON-NITRIDE NANOTUBES AND VERSATILE DIELECTRICS 
FOR MEMS ELECTRONIC NOSE RADIATION DETECTOR
John V. Gats, Captain, United States Marine Corps
Zishan Hameed, Lieutenant, United States Navy
Master of Science in Applied Physics
Advisor: Dragoslav Grbovic, Department of Physics
Co-Advisor: Craig F. Smith, Department of Physics
As society’s use of radiation-producing technologies increases, so does the need to create more effective and 
versatile radiation detectors. Low-cost, low-power compact radiation detectors are applicable across an ever-
growing range of fields and industries. Micro-electro-mechanical systems (MEMS) and other printed fabrica-
tion technology can enable future mass production of versatile radiation sensors while maintaining reliability 
and low costs. By utilizing the electronic nose framework, combining an array of sensors to low-cost comput-
ing, we propose a new method of robust real-time radiation detection. This thesis explores both the fabrication 
process of MEMS sensors and the testing of various new materials designed to respond to gamma and neutron 
irradiation. Through three iterations of sensor creation at the Naval Postgraduate School and NASA, and subse-
quent testing of those sensors, a sensor combining carbon nanotubes and boron-nitride nanotubes successfully 
registered thermal neutron irradiation. A different sensor, combining MEMS capacitors with varying dielectric 
materials, did not register gamma irradiation during testing. The neutron detection results simply confirmed 
the presence of neutron irradiation. We recommend future testing to measure specific response to energy and 
fluence of neutrons, to redesign the MEMS chip, and to change the dielectric detection materials. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62807
Keywords: MEMS, radiation, radiation detection, dielectric, boron-nitride, nanotube, nose
NONTRIVIAL POWER-LAW SCALING OF PEAK FORCES DURING GRANULAR IMPACT
This paper has been recognized as outstanding by its department.
Nasser Krizou, Major, Canadian Army
Master of Science in Applied Physics
Advisor: Abram H. Clark IV, Department of Physics
Second Reader: Christopher G. Smithtro, Department of Physics
Ballistic impact into a soil target has broad military relevance. Understanding the forces during impact is 
crucial to predicting damage and survivability. This process involves several nonlinear physical mechanisms, 
making it difficult to describe. While some existing models of ballistic impact characterize the average response 
during penetration well, these models fail during the initial stages of impact when forces are the largest. There 
currently is no theoretical framework for understanding the forces and dynamics during these crucial early 
stages. In this thesis, we use numerical simulations of intruders impacting granular media, coupled with exist-
ing experimental data, to understand the forces during the initial stages of impact. For slow impacts, forces are 
independent of speed and set by the weight of the intruder. For fast impacts, the impact forces grow as a non-
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linear power law in the impact velocity with exponent 4/3. This scaling depends on the size of the intruder and 
stiffness of the grains, and it is insensitive to gravity, friction, the nonlinear force law between grains, and the 
density of the intruder. We use dimensional analysis to collapse all data onto a single curve, providing a first 
step toward a comprehensive theoretical description of this process.
See full thesis text: https://calhoun.nps.edu/handle/10945/62766
Keywords: granular material, intruder impact, ballistic impact, intruder-material interaction, numerical simu-
lations, intruders impacting disks, microscopic intruder-grains interactions, early stages of impact, macroscopic 
ballistic models, nontrivial power law scaling, peak forces, initial transient phase, impact into granular materi-
als, friction, nonlinear grain-scale force relation
SINX/AL METAMATERIAL-BASED TERAHERTZ-TO-
INFRARED CONVERTER FOR REAL-TIME IMAGING
Sangmin Lee, Lieutenant Commander, Republic of Korea Navy
Master of Science in Applied Physics
Advisor: Fabio D. Durante Pereira Alves, Department of Physics
Co-Advisor: Gamani Karunasiri, Department of Physics
Terahertz (THz) real-time imaging technology can be used in various fields. One way to perform real-time 
THz imaging is through metamaterial-based micro-electro-mechanical systems (MEMS) focal plane arrays 
(FPA). Among different possible configurations, THz-to-infrared (IR) converters were selected to be studied 
and developed. The operation principle is using an IR camera to image the heat pattern on the backside of the 
FPA, generated by the absorption of the THz scene, presented on the front side of the FPA. In this study, we 
designed and fabricated metamaterials that efficiently absorb 3.8 THz and 4.75 THz, the frequencies of the 
quantum cascade lasers available in the Naval Postgraduate School (NPS) Physics Department. Metamaterials 
that have near 1 emissivity between 20 and 40 THz and near zero elsewhere were also designed. To develop 
this sensor, the properties of silicon nitride films were investigated using single square unit cells. Next, the 
geometric configuration of the metamaterial elements were designed using the COMSOL Multiphysics and 
CST Microwave studio. Finally, the metamaterials were fabricated using tools available in the NPS microfab-
rication facility (Clean Room). The optimized metamaterial films obtained during thesis work will be used in 
an optimized THz-to-IR converter to be integrated to a long-wave IR camera in order to provide a complete 
THz imaging system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62811
Keywords: THz, terahertz, IR, imaging, metamaterial, converter, real-time
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EVALUATION OF SHIP NOISE LEVELS USING A SINGLE VECTOR 
SENSOR ON A BOTTOM-MOUNTED SYSTEM
Steven Seda, Lieutenant, United States Navy
Master of Science in Applied Physics
Advisor: Kevin B. Smith, Department of Physics
Co-Advisor: Thomas Deal, NUWC NWPT
This thesis demonstrates how a single bottom-mounted acoustic vector sensor can estimate distant-ship radiat-
ed noise levels by merging acoustic intensity data with automatic identification system (AIS) tracks and acoustic 
propagation modeling. A vector sensor measures pressure and three orthogonal directions of fluid motion. Our 
research involved a transportable bottom-mounted system with a suspended particle motion sensor. Research 
efforts were conducted along the shelf off the coast of Point Sur, California, to evaluate ship noise levels along 
the maritime shipping lane. Data collection combined the use of AIS, National Data Buoy Center wave data, 
self-measured sound speed profile, local wind information, and sensor data. Data was analyzed through use 
of MATLAB for comparison of AIS tracks to sensor data using intensity processing. Computational models 
include analysis of transmission loss through a shallow water propagation model called the Monterey-Mi-
ami Parabolic Equation (MMPE). Evaluation of transmission loss through MMPE and receive levels through 
MATLAB processing led to an estimation of source levels for selected ships.
See full thesis text: https://calhoun.nps.edu/handle/10945/62762
Keywords: Monterey-Miami Parabolic Equation, ship noise, MMPE, maritime shipping lane, transmission 
loss, source level, intensity processing, propagation modeling, AIS
SHOCK PROPAGATION IN SOFT GRANULAR MATERIALS
Anthony D. Severson, Captain, United States Army
Master of Science in Applied Physics
Advisor: Abram H. Clark IV, Department of Physics
Second Reader: James H. Luscombe, Department of Physics
Shock propagation in particulate materials is governed by the nonlinear interactions between particles. Spheri-
cal elastic particles have Hertzian contacts, meaning that they effectively interact via nonlinear springs. Hertz-
ian interactions give rise to nonlinear wave behavior, which has been studied extensively for 1D chains of 
spheres (e.g., Newton’s cradle), where energy is transmitted perfectly from one particle to the next and the 
internal sound speed of a particle is assumed to be quasi-infinite. In more realistic situations, forces do not 
propagate along a single network, but along force chains, which are spatially anisotropic structures that trans-
mit stress. Additionally, shocks can propagate at speeds similar to the internal sound speed. Through shock 
experiments on 2D assemblies of frictional, photoelastic disks, we show three key results: (1) Two distinct wave 
speeds emerge after impact, one of which represents the primary force propagation wave; (2) this force propaga-
tion speed scales (as a power law) with the intruder velocity can indeed approach the characteristic sound speed 
inside a grain; and (3) in the shock regime, these propagation speeds are independent of confining pressure and 
fall along a single branch.
See full thesis text: https://calhoun.nps.edu/handle/10945/62761
Keywords: granular material, nonlinear force propagation, power law scaling
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MINIMUM ELECTRICAL ENERGY SPACECRAFT 
MANEUVERS: THEORY AND EXPERIMENTS
Eryn A. Culton, Ensign, United States Navy
Master of Science in Astronautical Engineering
Advisor: Mark Karpenko, Department of Mechanical and Aerospace Engineering
Second Reader: Harleigh Marsh, Department of Mechanical and Aerospace Engineering
Reaction wheels are popular satellite attitude control actuators that have been the subject of years of research. 
Recently, optimal control theory was applied to discover a new reaction wheel control algorithm that steers the 
spacecraft along an alternate path, minimizing power draw for a system of redundant (four or more) reaction 
wheels while completing a shortest-time maneuver. This thesis characterizes the energy draw of a particular 
slewing maneuver using both a conventional attitude maneuver trajectory and trajectories derived using the 
new concept. In particular, a minimum energy optimal control problem is solved to find efficient energy 
profiles for a realistic reaction wheel spacecraft attitude control system. These profiles build a maneuver cost 
tradespace, validating the nonlinear relationship between electrical energy consumption and maneuver dura-
tion. To bridge the gap between theory and practice, an experiment is also implemented to test the solutions 
involving a set of reaction wheels to measure power consumption. Ultimately, an optimal maneuver operating 
envelope is created and the power model is verified to accurately characterize the power draw of a momentum 
exchange attitude control system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62701
Keywords: energy efficient, attitude control, optimal control theory, reaction wheel spacecraft
DETERMINATION OF EFFECTIVE AVAILABLE PRESSURE 
OF A ROTATING DETONATION ENGINE
Joshua A. Ten Eyck, Ensign, United States Navy
Master of Science in Astronautical Engineering
Advisor: Christopher M. Brophy, Department of Mechanical and Aerospace Engineering
Co-Advisor: Joshua R. Codoni, Department of Mechanical and Aerospace Engineering
Rotating detonation engines (RDEs) offer improved efficiency over conventional ramjet engines due to their 
decreased combustion chamber size and increased pressure gain across the combustor; however, due to highly 
transient temperature and pressure conditions generated by the detonation wave, conventional total pressure 
diagnostics cannot resolve or survive the combustor flow field. A theoretical method of producing an effective 
available pressure (EAP), or time averaged total pressure capable of producing work in an RDE, was introduced 
by Kaemming and Paxson but was not experimentally tested. The objective of this thesis was to experimentally 
measure the EAP for an RDE for various exit-area and inlet-area conditions. A bluff body nozzle was designed 
and implemented to determine the base pressure drag created by the engine. This force was used in conjunction 
with the overall thrust to calculate the momentum thrust of the combustor. Utilizing steady state equations, 
the effective total chamber pressure was then calculated and compared to prior computational results. Results 
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appear to capture the trends observed in the modeling but show deficits due to non-ideal mixing, incomplete 
combustion, and heat transfer. By closing this loop, a normalized metric to compare RDE efficiencies experi-
mentally was implemented.
See full thesis text: https://calhoun.nps.edu/handle/10945/62702
Keywords: RDE, rotating detonation engine
RENEWABLE HYDROGEN PRODUCTION, COMPRESSION, 
AND STORAGE AUTONOMOUS SYSTEM
Benjamin R. Anderson, Ensign, United States Navy
Master of Science in Engineering Science (Aerospace Engineering)
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Andrea D. Holmes, Department of Mechanical and Aerospace Engineering
Implementation of isolated energy production facilities could enhance Department of Defense (DoD) capabil-
ity in forward-operating bases, ships, vehicles, and even permanent stations. This technology may also benefit 
the U.S. economy with a new renewable-energy storage alternative. This capability not only reduces depen-
dence on fossil fuels but also reduces environmental impact as combustion products of hydrogen are much 
cleaner and minimize CO2 byproducts. To make this hydrogen generation plant completely isolated with no 
additional power and operator involvement, there are few steps left in this ongoing Office of Naval Research–
funded project. A major problem facing renewable, sustainable energy sources is the storage issue with current 
limitations on batteries and supercapacitors. Compressed hydrogen gas presents a potential solution to this 
problem as hydrogen gas can be stored in tanks for future uses in fuel cells or even gas turbine generators. An 
entirely autonomous, isolated production and storage system is within grasp at the Naval Postgraduate School. 
The system in place now has the capability to generate and store compressed hydrogen gas produced through 
solar power with minimal operator interference.
See full thesis text: https://calhoun.nps.edu/handle/10945/62703
Keywords: hydrogen generation, hydrogen compression, hydrogen storage, renewable energy, hydrogen sys-
tem, solar power, autonomous fuel generation system
FLUID-STRUCTURE ANALYSIS OF A TRANSONIC ROTOR
This paper has been recognized as outstanding by its department.
Grant D. Thornton, Ensign, United States Navy
Master of Science in Engineering Science (Aerospace Engineering)
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
This study developed and applied a 2-way fluid-structure interaction model to increase fidelity in numerical 
simulations of the Naval Postgraduate School Military Fan. The Naval Postgraduate School Military Fan is an 
existing transonic-rotor geometry undergoing test and evaluation using the Turbopropulsion Lab’s Transonic-
Compressor Rig. A fluid solution using ANSYS CFX was developed and coupled with an ANSYS Mechanical 
static-structural solution of the rotor blade to model the hot shape of the rotor. Cold-shape simulations were 
conducted for 0.42% average blade-height (0.381 mm) and 1.41% average blade-height (1.27 mm) tip-gap 
configurations, and hot-shape simulations were conducted for the latter configuration. Performance predictions 
in terms of total pressure ratios and isentropic efficiencies were compared for cold- and hot-shape analyses and 
43
ASTRONAUTICAL ENGINEERING
measured for fidelity against experimental data. Hot-shape analyses consistently improved modeling fidelity as 
compared to cold-shape analyses by allowing for increased mass-flow rates due to radial growth and untwist of 
the rotor blades at speed. Flow features associated with the transonic regime were identified and discussed for 
both cold and hot analyses. With the developed experimentally verified modeling procedure, CFD predictions 
may be conducted for alternate configurations of the evaluated rotor or for other transonic rotor geometries as 
a supplement to experimental data acquisition.
See full thesis text: https://calhoun.nps.edu/handle/10945/62704
Keywords: transonic rotor, CFD, CFX, fluid-structure interaction, tip-gap effects, tip-leakage vortex
DESIGN AND TESTING OF A MULTI-UNIT PAYLOAD DELIVERY AND TRACKING 
SYSTEM FOR GUIDED MUNITIONS TO COMBAT UAV SWARM THREATS
Robert C. Thyberg II, Ensign, United States Navy
Master of Science in Engineering Science (Aerospace Engineering)
Advisor: Christopher M. Brophy, Department of Mechanical and Aerospace Engineering
Co-Advisor: David F. Dausen, Department of Mechanical and Aerospace Engineering
A growing problem facing national security revolves around inexpensive, easily manufactured drones. Sophisti-
cated software can link drones into swarms and inflict heavy damage on the United States and her allies’ assets, 
while rudimentary drones could also be used by terrorists to strike civilians from afar. Current defenses against 
drone swarms are conventional missiles that can cost hundreds of thousands of dollars; the disproportion in 
cost is not in U.S. favor. The Naval Postgraduate School Rocket Propulsion Lab has explored the design of a 
low-cost delivery vehicle capable of deploying multiple guided munitions laterally out of the missile body at an 
altitude greater than that of the drone swarm. The guided munitions would be tasked by a targeting hub that 
would remain aloft above the specific drones, providing unique guidance commands to each deployed unit. 
This thesis focused on the deployment of the munitions from a flight system, utilizing both computational fluid 
dynamics and real flight testing to design an effective ejection mechanism and tracking approach. Addition-
ally, high-level design and analysis of a targeting system within the missile was performed. Although there are 
many solutions being explored to this pressing problem, this thesis seeks to give the United States more cost-
symmetric options and capabilities when it comes to air defense against drone swarms in the future.
See full thesis text: https://calhoun.nps.edu/handle/10945/62706




MAPPING, AWARENESS, AND VIRTUALIZATION NETWORK 
ADMINISTRATOR TRAINING TOOL AWARENESS MODULE
Matthew S. Bernard, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Alan B. Shaffer, Department of Information Sciences
The purpose of this research was to develop a methodology for creating cyber situational assessment between a 
physical network and its virtual copy to enable cyber situational awareness (CSA) in the Mapping, Awareness, 
and Virtualization Network Administrator Training Tool (MAVNATT) Awareness Module. The research 
focused on the nodal attributes of a network that contribute most toward creating CSA while also lending to 
virtualization. This work describes a conceptual system design and toolset that enables users to collect, normal-
ize, and store network attributes in a non-relational database, and analyzes open-source software that can be 
used as its intermediary build platform. We also describe a conceptual design for the MAVNATT Awareness 
Module, which queries, selects, and stores the nodal attributes in a relational database schema for tracking and 
management. The relational schema in this work was written in MySQL and reverse engineered using Oracle’s 
SQL Developer to check for correctness. Documentation of the schema tables and their relationships, cross-
referenced with a matrix of the attributes that can be virtualized in VirtualBox, accompany the provided SQL 
code.
See full thesis text: https://calhoun.nps.edu/handle/10945/62716
Keywords: MAVNATT, network administrator training, cyber situational awareness, cyber situational assess-
ment, SIEM, relational schema, awareness module, awareness, VirtualBox, MySQL, OSSIM
SECURING NETWORKS AGAINST ANONYMOUS INVADERS
This paper has been recognized as outstanding by its department.
Lucas J. Burke, Major, United States Marine Corps
Nathan J. Richardson, Lieutenant Commander, United States Navy
Master of Science in Computer Science
Advisor: Peter J. Denning, Department of Computer Science
Co-Advisor: Vinnie Monaco, Department of Computer Science
The power of anonymity on the internet is being leveraged by criminals, online trolls, and malicious hack-
ers. Cyber criminals masquerade as legitimate users in order to steal valuable private data, commit fraud, and 
steal money from their victims. This thesis investigates security vulnerabilities that exist as a product of user 
anonymity and provides a biometric mitigation to one of the most common exploits against DoD personnel—
social engineering. To strip anonymity from malicious users, we used a concept that harkens back to World 
War II called fist of the sender. This technique was used by allied intelligence analysts to identify enemy units 
by the rhythm of their radio operators when they transmitted Morse code. We applied the same concept to 
keystrokes along a keyboard and created a digital fist. Our research used a chatbot that posed as a victim, and 





we had student-subjects play the role of social engineers and attempt to phish the chatbot. Our system measures 
keystroke dynamics to increase user recognition and introduces specific perturbations during a user’s typing 
session—sometimes by making the caret disappear, and sometimes by suddenly moving the caret back a few 
spaces. We hypothesized that as a user tried to recover from these interactions, we could increase typing at-
tribution since every user’s subconscious reaction would be unique. Our results show cases where identification 
increased over 20% in some cases through the introduction of perturbations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62850
Keywords: biometrics, DARPA, AI, anonymity, keystroke dynamics, social engineering, cyber, botnet
AUTONOMOUS CUEING WITHIN HETEROGENEOUS ROBOT SWARMS
Britt J. Campbell, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Duane T. Davis, Department of Computer Science
Second Reader: Kathleen B. Giles, Systems Engineering Program Office
When integrated into military operations, autonomous swarm technology has the potential to alleviate some 
of the challenges presented by demanding and highly dynamic environments and problems. Autonomous 
aerial swarms composed of heterogeneous robots can further increase flexibility by providing a broader range 
of capabilities. Heterogeneous swarm effectiveness is currently limited, however, by the system’s ability to as-
sign robots to tasks in a globally optimal manner. We propose a market-based approach to the unmanned 
aerial system’s decision-making for allocating the most suitable robots to the available tasks. Specifically, we 
evaluated the performance of an auction algorithm in task allocation for an area search problem.  In addition 
to addressing swarm heterogeneity, our implementation accounts for situations in which secondary contact 
investigation tasks are generated asynchronously. Experiments were conducted with the Naval Postgraduate 
School Advanced Robotic Systems Engineering Laboratory’s aerial swarm system with various fixed-wing and 
rotary-wing unmanned air vehicle configurations ranging from three to ten robots. Our research and testing 
demonstrate that the auction algorithm is a scalable approach to task assignment in area search and suggests 
that our implementation can efficiently scale to swarms with arbitrary capability distributions to address highly 
complex problems.
See full thesis text: https://calhoun.nps.edu/handle/10945/62758
Keywords: UAV, UAS, auction algorithms, market
BIFROST: A STATISTICAL ANALYSIS FRAMEWORK FOR DETECTING 
INSIDER THREAT ACTIVITIES ON CYBER SYSTEMS
Scott E. Findley, Lieutenant, United States Navy
Master of Science in Computer Science
Co-Advisor: Alan B. Shaffer, Department of Information Sciences
Co-Advisor: Gurminder Singh, Department of Computer Science
The purpose of this research is to investigate, design and implement a statistical analysis-based insider threat 
detection product deployable to resource-disadvantaged systems and provide organizations with a method for 
baselining the network profiles and host activities unique to their operational environments. Our system de-
sign seeks to alert the system and its operators to invest greater monitoring resources against hosts who exhibit 
threat characteristics of insider activity and prevent such activities from inflicting harm on the system and/or 
causing an information-loss event for the organization. This system provides an initial starting point for future 
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work, implementing one means of detecting insider threat activities; this implementation results in best- and 
worst-case detection rates of ~74% and ~68.2%, respectively, against our test data. We believe our framework 
provides a reasonable starting point for future work and improvement. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62840
Keywords: insider threat, baseline development, cyber-security, information security
HIGH-FIDELITY VIRTUALIZATION FOR CYBER OPERATIONS
This paper has been recognized as outstanding by its department.
Corey D. Ingraham, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Alan B. Shaffer, Department of Information Sciences
Co-Advisor: Gurminder Singh, Department of Computer Science
Virtualization has become ubiquitous in cyberspace over the last decade, expanding into cloud technology and 
embedded mobile devices. Outside of a highly sophisticated user community, consumer demand has yet to 
realize the need for creation of a high-fidelity virtual environment, resulting in a lack of specialized hypervisor 
design and a stall in the evolution of a higher level of fidelity in virtual hardware. Most modern hypervisors 
rely on virtual hardware designed to meet the minimum requirements of computing, leading to a low-fidelity 
implementation in virtual systems when compared to their non-virtualized counterparts. High-fidelity can be 
achieved by effectively emulating these physical characteristics in a virtual environment that could enable fur-
ther development of cyber operations by providing all the benefits of virtualization coupled with a specialized 
high-fidelity execution environment. This thesis aggregates and categorizes fidelity variance between virtual 
machines and their physical counterparts, and classifies these variances into five domains based on their unique 
characteristics and potential for application in high-fidelity virtualization.  We further conducted an in-depth 
analysis on each domain to assess the challenges and practicality of implementation in a high-fidelity virtualiza-
tion environment.  Finally, we presented a methodology to emulate physical characteristics of virtual hardware 
to create a high-fidelity virtual machine.
See full thesis text: https://calhoun.nps.edu/handle/10945/62842
Keywords: high-fidelity virtualization, cyber physical system, virtual machine
48
COMPUTER SCIENCE
ENERGY-GRID THREAT ANALYSIS USING HONEYPOTS
Marian M. Kendrick, Lieutenant, United States Navy
Zaki A. Rucker, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Neil C. Rowe, Department of Computer Science
Co-Advisor: Thuy D. Nguyen, Department of Computer Science
This research addresses cyber threats to smart energy grids. This research identified and characterized threats 
to electric-power grids by analysis of traffic in a simulated grid. We deployed a high-interaction honeypot that 
simulates a grid named GridPot. Network-traffic captures and honeypot activity logs were analyzed to demon-
strate the effectiveness of our honeypot at collecting intelligence for threat analysis. This study will contribute 
to the efforts of the Department of Defense and Department of Homeland Security to protect U.S. critical 
infrastructure from cyber threats.
See full thesis text: https://calhoun.nps.edu/handle/10945/62843
Keywords: cyber threat, honeypot, critical infrastructure, cybersecurity
A CASE FOR SOFTWARE-DEFINED NETWORKING IN THE UNITED 
STATES MARINE CORPS: AUTOMATING DISTRIBUTED FIREWALLS
This paper has been recognized as outstanding by its department.
Brent E. Logan, Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Geoffrey G. Xie, Department of Computer Science
Second Reader: Justin P. Rohrer, Department of Computer Science
Software Defined Networking (SDN) is a field in computer science that has seen rapid adoption in industry 
and academia. SDN reduces network administration and cost, empowers fine grain network control, and en-
ables programmability and innovation in a relatively stagnant area of computer science. In this research, we 
make a case for more rapid adoption of SDN technology in the DoD by demonstrating that distributed firewall 
operation can be virtualized, automated, and assured of security properties with SDN. Specifically, we have de-
veloped and evaluated a distributed firewall application within the standard Open Network Operating System 
(ONOS) SDN control platform. The application enforces access control between arbitrary end points and intel-
ligently distributes processing of filter rules across network devices, even after the network topology changes. 
The test bed evaluation results confirm the reachability control performance and show that the application and 
virtual switches built upon commodity computers are capable of handling more than 50,000 filter rules. The 
automated distributed firewall is a viable proof of concept that provides flexibility and improved security in a 
world where ubiquitous, ad hoc, and zero-trust networking are becoming the new normal. Lastly, we provide 
an acquisition heuristic for purchasing and fielding SDN solutions to the Marine Corps’ operating forces. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62815
Keywords: software defined networking, firewall, distributed firewall, acquisition, United States Marine 
Corps, networking, information technology, programmable networks, hybrid networks, tactical networks, 
ubiquitous networking, reachability control, flow control, network segmentation, automation, ad hoc network-
ing, Zero Trust, network segmentation
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ACOUSTIC GROUND SENSORS TO TRIANGULATE BOMB IMPACT 
IN SUPPORT OF AIRFIELD DAMAGE ASSESSMENT
This paper has been recognized as outstanding by its department.
John O. Mutton, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Fabio D. Durante Pereira Alves, Department of Physics
Second Reader: Peter R. Ateshian, Department of Computer Science
Airfield damage repair (ADR) is a critical function in restoring damaged airfields after an adversary attack. Be-
fore ADR can commence, airfield damage assessment (ADA)—a labor- and time-intensive process—must be 
conducted. Maintaining airfields in wartime is especially difficult since runways are large, and the presence of 
unexploded ordnance or chemical weapons poses a safety hazard to ground personnel conducting the damage 
assessment. To accelerate the ADA process, a network of micro-electro-mechanical (MEM) sensors are used to 
capture the sound of the explosion and triangulate bomb impacts on the airfield autonomously and instanta-
neously. This autonomous process can be faster than current methods and can keep personnel safe by limiting 
them from surveying the airfield. We test several MEM sensors and evaluate localization accuracy, networking 
capability, simplicity of use, and cost to improve the process. Using a combination of MEM sensors, radio fre-
quency transceivers, GPS modules, microcontrollers, and MATLAB code, we demonstrate that bomb impacts 
can be triangulated and displayed on an interface for supporting the ADA mission.
See full thesis text: https://calhoun.nps.edu/handle/10945/62813
Keywords: triangulation, acoustic ground sensor, sound localization, Arduino, mobile network, airfield dam-
age repair, ADR, airfield damage assessment, ADA, direction finding, DF, sensor, microelectromechanical
FREE SPACE OPTICS IMPLEMENTATION OF THE NETWORK 
STACK WITHIN AN RF-DENIED ENVIRONMENT
Timothy R. Naski, Ensign, United States Navy
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Peter R. Ateshian, Department of Computer Science
The objective of this research is to understand the abilities and limitations of communication in a radio fre-
quencies (RF)-denied environment, especially with regard to the network stack. The next generation of warfare 
with another state actor will require non-traditional communication and extra security methods. RF and wired 
communications can be destroyed, jammed or not suitable. Free-space optics (FSO) provides the potential for 
high-speed communication between networks in an RF-denied environment. A visual link of an array of lasers 
can send data by oscillating visual patterns at high frequencies and cannot be captured without the enemy be-
ing directly between transmitter and receiver. This research explores the usage of FSO with traditional network-
based protocols. The results show that it is possible to achieve two-way visual communication using FSO and 
traditional network protocols. Hardware currently limits the visual link capacity, preventing acceptable data 
rates for normal network operations. This thesis recommends hardware updates that can advance this system 
to acceptable network speeds. With the implementation of specialized hardware and software, FSO visual com-
munication can support high internet bandwidths with integrated physical security.
See full thesis text: https://calhoun.nps.edu/handle/10945/62723
Keywords: line of sight communication, QR code, RF-denied environment
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RED TEAM IN A BOX (RTIB): DEVELOPING AUTOMATED 
TOOLS TO IDENTIFY, ASSESS, AND EXPOSE CYBERSECURITY 
VULNERABILITIES IN DEPARTMENT OF THE NAVY SYSTEMS
Joseph A. Plot, Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Alan B. Shaffer, Department of Information Sciences
Co-Advisor: Gurminder Singh, Department of Computer Science
The U.S. Navy and Marine Corps manage a vast number of computer systems, both afloat and ashore, many 
of which are neither directly connected to an external internet protocol (IP) network nor updated regularly, 
but do occasionally interact with other IP-connected devices. As malicious actors advance their capabilities to 
exploit and penetrate computer networks, the Department of the Navy (DoN) must be able to verify whether 
or not its computer systems are susceptible to cyber-attacks. A current mitigation technique is to use a cyber red 
team to assess a friendly network in a controlled environment; however, this method of conducting assessments 
can be costly and time-consuming, and may not target specific critical systems. This thesis developed a proof-
of-concept tool called Red Team in a Box (RTIB) that addresses the current resource limitations of cyber red 
teams by leveraging open-source software and other methods to discover, identify, and conduct a vulnerability 
scan on a computer system’s software via a graphical user interface. The results of the vulnerability scan offer 
the RTIB user possible mitigation strategies to lower the risk from potential cyber-attacks without the need for 
a dedicated cyber red team operating on the target host or network. This research fundamentally provides the 
foundation to further develop an automated tool that Sailors and Marines with limited expertise can use to 
conduct a thorough cybersecurity vulnerability assessment on DoN systems.
See full thesis text: https://calhoun.nps.edu/handle/10945/62832
Keywords: red team, cyber, offensive cyber operations, vulnerability assessment, automation
BLOCKCHAIN ACCESS MANAGEMENT WITH GLOBAL 
COMBAT SUPPORT SYSTEM – MARINE CORPS
This paper has been recognized as outstanding by its department.
Brittany Snelgrove, Captain, United States Marine Corps
Master of Science in Computer Science
Brandan R. Schofield, Captain, United States Marine Corps
Master of Business Administration
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Glenn R. Cook, Department of Information Sciences
Second Reader: Arijit Das, Department of Computer Science
The Marine Corps Operating Concept (MOC) outlines critical tasks which will have a significant impact on 
current Marine Corps logistics Major Automated Information Systems (MAIS), especially as tactical units 
operate in data-contested environments. Key to achieving these tasks in the MOC is ensuring that the Marine 
Corps’ logistics MAIS, Global Combat Support System-Marine Corps (GCSS-MC), enables logistics sustain-
ment across the entire spectrum of conflict. GCSS-MC is used to manage, control, identify and distribute 
ground supplies and track maintenance actions for the Marine Corps. The security protocols utilized to secure 
web-traffic between client and server for GCSS-MC are central to availability and usability of the system. These 
security protocols are access and identity management, enabling client authentication. Access and identity 
management on GCSS-MC is handled by Oracle Access Management (OAM), enabled by standard public key 
infrastructure security protocols. OAM provides centralized web-enabled access and identity management for 
users worldwide. Although these protocols enable security of a client’s session on the system, issues with the 
implementation of these protocols have actually degraded the performance of the system. This research explores 
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blockchain technology as an access management tool for GCSS-MC, proposing an emergent blockchain access 
management protocol for GCSS-MC.
See full thesis text: https://calhoun.nps.edu/handle/10945/62821
Keywords: blockchain, distributed ledger technology, Global Combat Support System-Marine Corps, Marine 
Operating Concept, cryptography
CONDITIONS-BASED MAINTENANCE THROUGH AUTONOMOUS LOGISTICS  
This paper has been recognized as outstanding by its department.
Michael Whitaker, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: Lyn R. Whitaker, Department of Operations Research
Second Reader: Arijit Das, Department of Computer Science
Currently, operators and maintainers cull though numerous electronic reports, display boards, and historical 
maintenance records to determine and plan for maintenance activities for equipment. However, in recent years, 
emerging technologies such as the Internet-of-Things, big data analysis, and low-cost sensors and actuators have 
enabled applications that were not possible previously. From these developments, information that was once 
unavailable is now accessible through embedded sensors and actuators, providing real-time condition monitor-
ing of complicated machinery. This thesis demonstrates the use of inexpensive COTS hardware devices and 
open-source software to develop an automated data collection architecture and a data processing framework to 
implement a preventative maintenance approach for the Marine Corps Medium Tactical Vehicle Replacement 
(MTVR). Data processing techniques were used to convert raw sensor data collected from on-board MTVR 
sensors into useable and measurable diagnostic data. Using statistical analysis based on a time series regression 
model, the diagnostic parameters that closely modeled engine operating conditions were chosen to predict en-
gine usage characteristics of an MTVR engine. The thesis also describes a conditions-based maintenance policy 
that can be used to enhance preventative maintenance methods and decision support capabilities on Marine 
Corps ground equipment.
See full thesis text: https://calhoun.nps.edu/handle/10945/62712
Keywords: data science, single-board computers, logistics, MTVRS, CBM, conditions-based maintenance, 
sensors, Raspberry Pi, J1939, SAE
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SEABED INFRASTRUCTURE DEFENSE ANALYSIS
Asaf Berger, Major, Israel Defence Forces 
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Zhaolin Chen, Major, Republic of Singapore Air Force 
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Cheng Qian Lee, Captain, Singapore Army 
Jun Xian Jeremy Yee, Major, Singapore Army 
Kang Hao Tan, Major, Republic of Singapore Air Force 
Master of Science in Systems Engineering
Dolph E. Eich Jr., Lieutenant, United States Navy 
Francische N. Antonio, Lieutenant, United States Navy 
Jared C. Asmus, Lieutenant, United States Navy 
Jie Ren Kui, Major, Republic of Singapore Air Force 
Master of Science in Combat Systems Technology
John N. Morgan, Lieutenant, United States Navy 
Joseph E. Hanacek, Lieutenant, United States Navy 
Scott S. Constantine, Lieutenant, United States Navy 
Master of Science in Systems Engineering Analysis
Jian Ming Chew, Captain, Singapore Army 
Master of Science in Engineering Systems
Kevin M. Wheeler, Major, United States Marine Corps 
Kyle Belcher, Lieutenant, United States Navy 
Master of Science in Operations Research
Ronghua Shi, Civilian, Ministry of Defense, Singapore 
Xi Yang Ronald Se, Civilian, Ministry of Defense, Singapore  
Master of Science in Computer Science
Weiwen Mervyn Lian, Civilian, Ministry of Defense, Singapore 
Master of Science in Modeling, Virtual Environments, and Simulation
Wilson L. Rydalch, Lieutenant Junior Grade, United States Navy 
Master of Science in Mechanical Engineering
Advisor: Paul T. Beery, Department of Systems Engineering 
Co-Advisor: Michael P. Atkinson, Department of Operations Research
Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767
Keywords: seabed warfare, unmanned underwater vehicle, UUV, agent-based modeling, undersea infrastructure 
defense
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LEVERAGING TECHNOLOGY TO IMPROVE CONTRACT SURVEILLANCE: 
OPPORTUNITY IDENTIFICATION AND ANALYSIS
Christina Clark, Civilian, Department of the Navy
Emily L. Thomas, Civilian, Department of the Navy
Gail K. Painter, Civilian, National Geospatial-Intelligence Agency
Master of Science in Contract Management
Advisor: William A. Muir, Graduate School of Business and Public Policy
Co-Advisor: Jenny Kranz, Strategic Systems Programs
The Department of Defense (DoD) significantly depends on private-sector contractors to assist with mission 
achievement, and obligates significant taxpayer dollars each year to contract support. Because of this, proper 
government contract surveillance and oversight is imperative to guarantee that the government is getting what 
it pays for. This research examined how the DoD can leverage technology to help contracting officer’s repre-
sentatives (CORs) and contracting officers (COs) carry out proper contract surveillance. The research included 
a review of related literature and interviews with CORs, COs, and the leaders of CORs to describe current 
challenges. The results show that contract oversight and surveillance is a high-risk area because training is inad-
equate, because the COR role is often assigned as a collateral duty, and because of inefficiencies with eBusiness 
systems. This report offers recommendations that leverage technology to address these concerns and to improve 
contract oversight and surveillance across the department.
See full thesis text: https://calhoun.nps.edu/handle/10945/62770
Keywords: contracting officer, oversight, surveillance, contracting officer’s representative
TECHNICAL DATA RIGHTS: SMALL BUSINESS INNOVATION RESEARCH PROGRAM
Christopher R. Hebert, Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Raymond D. Jones, Graduate School of Business and Public Policy
Co-Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
The Small Business Innovation Research (SBIR) program was founded in 1977 and is coordinated through 
the Small Business Administration (SBA). The current policy concerning technical data rights under the SBIR 
program has caused significant problems for both the government and small businesses (SBs). The lack of clear 
policy concerning technical data rights across both the government and SBs has caused impacts to program 
management and procurement of goods and services. This study conducted an analysis of current policy con-
cerning technical data rights asserted under the SBIR program through multiple methods. This study reviewed 
current and past federal policies concerning the SBIR program and technical data rights. In addition, infor-
mant data were collected through interviews with the Department of Defense, SBA, and defense contractor 
employees, though ultimately SBA and contractors proved difficult to reach. This project showed that the SBIR 
program requires reform to clarify when the government inherits technical data rights to better promote com-
petition and reduce government spending. It also showed the need to provide better education and training to 
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contracting professionals and SBs interested in the SBIR program. Results are discussed in an effort to provide 
concrete policy recommendations for reform.
See full thesis text: https://calhoun.nps.edu/handle/10945/62792
Keywords: small business research program, technical data rights, small business
A COMPARATIVE ANALYSIS OF DOD AND FEDERAL NON-DOD COR COMPETENCIES 
Bryan D. Keys, Civilian, Department of the Army
Kiersten M. Johnson, Civilian, Department of the Navy
Phillip Lee, Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Timothy J. Winn, Graduate School of Business and Public Policy
Co-Advisor: Michael Vukovich, NSWCCD, West Bethesda, Maryland
The purpose of this research is to analyze and measure the effectiveness of the guidance for identification, devel-
opment, certification, and management of contracting officer’s representatives (CORs) within the Department 
of Defense (DoD) in comparison to Federal Acquisition Certification for Contracting Officer’s Representatives 
(FAC-CORs). The research team utilized responses from the DoD COR Competencies Survey and provided 
recommendations on its findings to improve training and technical competency structures in order to lever-
age best practices from the FAC-COR structures. Although the research did not demonstrate a statistically 
significant difference in proficiencies between DoD-CORs and FAC-CORs, the results demonstrated a strong 
correlation between time-spent and proficiencies, which allows for areas of further research. Regarding the pro-
ficiencies of the DoD-CORs and FAC-CORs, it is evident that there are areas the DoD can improve through 
coordination with FAC-CORs and Federal Acquisition Institute. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62859
Keywords: contracting officer’s representative, competencies, training, Defense Acquisition Workforce Im-
provement Act, Federal Acquisition Institute
A STUDY OF CERTIFIED COST OR PRICING DATA
This paper has been recognized as outstanding by its department.
Anita Moosmiller, Civilian, Department of the Navy
Huy H. Nguyen, Civilian, Defense Contract Management Agency
Janessa Schantin, Civilian, National Aeronautics and Space Administration
Master of Science in Contract Management
Advisor: E. Cory Yoder, Graduate School of Business and Public Policy
Co-Advisor: Brett M. Schwartz, Graduate School of Business and Public Policy Program Office
This study provides insights into 10 U.S. Code 236a—Cost or Pricing Data: Truth in Negotiations (TiN), 
formally known as the Truth in Negotiations Act (TINA). The landscape surrounding the requirement to 
submit certified cost or pricing data (CPD) has continually changed, which led us to question the applicabil-
ity and benefit the government still receives from CPD. Exceptions to CPD led us to hypothesize that there is 
a decreasing scope, or need, for CPD on future acquisitions. This study seeks to determine if the government 
still benefits from CPD as originally intended. This study analyzed contract actions above the applicable CPD 
thresholds over the past five years to examine the scope, trends, and impact of the requirement. We completed 
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this through analyzing data, collecting historical information, and reviewing changes to the law to determine 
the actual impacts. This approach measured the benefit the government receives in requiring CPD. We also 
identified concentrations of industries, agencies, and contractors most impacted by CPD. We performed a com-
parative analysis to discover that, while growing exceptions to CPD led us to believe there are fewer actions and 
dollars obligated requiring CPD, our findings uncovered the opposite result. In the past five years, the number 
of contract actions and the sum of obligated dollars requiring CPD have continued to increase, which confirms 
that the government still has a need and still benefits from CPD.
See full thesis text: https://calhoun.nps.edu/handle/10945/62861
Keywords: contracting, TINA, Truth in Negotiations, certified cost or pricing data
CONTRACT MANAGEMENT MATURITY MODEL ASSESSMENT 
OF THE AIR FORCE NUCLEAR WEAPONS CENTER
Robert N. Peters, Civilian, Department of the Air Force
Shila F. Weese, Civilian, Department of the Air Force
Susan L. Stewart, Civilian, Department of the Air Force
Master of Science in Contract Management
Advisor: Rene G. Rendon, Graduate School of Business and Public Policy
Co-Advisor: Jeffrey Sorensen, AFNWC/PZ
The Department of Defense’s (DoD) contract management function has appeared on the Government Ac-
countability Office’s (GAO) high-risk list since 1997. Up to this point, the DoD’s response to identified con-
tracting deficiencies has been an increase in workforce training. However, the DoD should focus its attention 
on contract management process capabilities; organizational assessments are critical to an organization’s suc-
cess. The purpose of this research is to assess the contract management process capability of the Air Force Nu-
clear Weapons Center (AFNWC) using the Contract Management Maturity Model (CMMM). Based on an 
analysis of survey responses of the AFNWC contracting workforce, this research summarizes CMMM assess-
ment ratings and assigns current levels of process maturity to each key process area. In addition, the research 
compares the CMMM assessment results with current AFNWC process efficiency and effectiveness metrics. 
Finally, the research identifies opportunities and provides recommendations for contract management process 
improvements within the AFNWC organization. The results provide a benchmark of current process maturity 
to AFNWC senior leadership, and the recommendations offer a roadmap to help guide the organization to the 
achievement of higher maturity levels for the contract management key process areas. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62719
Keywords: Contract Management Maturity Model
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CONTRACT CLOSEOUT: CROSS-ORGANIZATIONAL 
PROCEDURES AND IMPLEMENTATION
Carolynn J. Schneck, Civilian, Department of the Army
Master of Science in Contract Management
Advisor: Raymond D. Jones, Graduate School of Business and Public Policy
Co-Advisor: Irvin Bonus, RCO-Hawaii
The purpose of this joint applied project was to investigate and provide a comprehensive overview of current 
cross-organizational contract closeout practices. The goal of this project was to identify, compare, and docu-
ment methods utilized and determine whether or not Regional Contracting Office–Hawaii (RCO-HI) may 
leverage established best practices. To mitigate the current problem of excessive overaged Army contracts, the 
following questions were asked: 1. Are other local contracting offices leveraging best practices to meet Federal 
Acquisition Regulation (FAR) contract closeout timelines? 2. If so, can RCO-HI benefit by incorporating 
those best practices into the current closeout process? 3. What improvements, if any, are necessary to improve 
RCO-HI’s closeout process? Information was gathered through survey questionnaires targeted to acquisition 
professionals. In addition, a literary review provided potential best practices and tools capable of improving 
RCO-HI’s current closeout process. This research project is an additional resource in the continued effort by 
RCO-HI to improve processes and reduce risks associated with overaged contracts. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62775
Keywords: contract closeout, contract administration, overaged contract
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 DO INNOVATIVE THINKERS POSE AN INCREASED 
INSIDER THREAT? A PRELIMINARY ANALYSIS
Adam Humphrey, Lieutenant Commander, United States Navy
Master of Science in Cyber Systems and Operations
Advisor: Gerald R. Scott, Department of Information Sciences
Second Reader: Wade L. Huntley, Department of National Security Affairs
The malicious insider threat is one of the most nefarious of potential cyber security breaches. There have been 
egregious insider data thefts in the last 10 years within the government. The unintentional insider threat 
(UIT)—the individual who is incompetent or careless and accidentally divulges sensitive information—is also 
a major concern. Today, the Department of Defense (DoD) expends considerable effort to identify both forms 
of insider threats. Meanwhile, the DoD hopes to recruit innovative information technology personnel to better 
meet current and emerging cyber threats to national security. Although in its infancy, organizations like the 
Defense Innovation Unit represent this focused effort. This thesis investigates whether innovative personnel 
will pose increased insider threat potential. Our preliminary conclusion is that innovative people would not 
pose more of a malicious insider threat, but the UIT and innovator share one trait together: risk taking. Fur-
thermore, mental health issues and disgruntlement are two traits shared by UIT and malicious insiders. The 
DoD should explore screening personnel for risk-taking traits, for example with the Balloon Analogue Risk 
Task (BART). Finally, the DoD should continue to be alert to mental health issues, and first line supervisors 
should intervene quickly to help disgruntled employees.  
See full thesis text: https://calhoun.nps.edu/handle/10945/62735
Keywords: insider threat, innovation, innovator, cyber security, cyber, data breach, spy, witting insider, un-
witting insider, information technology, security, malicious insiders, non-malicious insiders, governance, risk 
management, compliance, intentional acts, unintentional acts, unintentional insider threat, UIT, personality, 
trait affect, psychological factors, human factors, cyber security, organizational security
UNMANNED AERIAL SYSTEM CYBERSECURITY RISK MANAGEMENT 
DECISION MATRIX FOR TACTICAL OPERATORS
Gary L. Lattimore, Lieutenant, United States Navy
Master of Science in Cyber Systems and Operations
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: Aurelio Monarrez Jr., Department of Information Sciences
The Department of Defense (DoD) does not have a defined cybersecurity operational risk management process 
for unmanned aerial systems (UAS). The DoD acknowledged this discrepancy and suspended all commercial 
off-the-shelf (COTS) UASs on 23 May 2018. The suspension was followed by a rigid DoD COTS UAS waiver 
process effective 01 June 2018. COTS UAS are defined by the Deputy Secretary of Defense Memorandum 
using three different criteria: UAS sold in the same form to the public and government; those commercially 
available systems that have software and/or hardware modifications; and those with specific ground command 
and control elements, such as smart devices and tablets. Cybersecurity vulnerabilities can span the acquisition, 
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strategic, operational, and tactical levels. This research focused on the tactical level. Tactical commanders often 
lack the tools to identify and mitigate UAS cybersecurity vulnerabilities. This effort leveraged the standards de-
veloped by the National Institute of Science and Technology drafted Federal Information Processing Standards 
and Special Publication 800 series to develop the proposed UAS Cybersecurity Risk Management Decision 
Matrix. The matrix can enable tactical commanders to conduct a cybersecurity risk determination for UAS 
operators. This mitigates risk and strengthens strategic and operational decisions. Furthermore, three recom-
mendations for future work are offered which will improve the UAS cybersecurity processes within the DoD.
See full thesis text: https://calhoun.nps.edu/handle/10945/62711
Keywords: UAS, unmanned aerial systems, cybersecurity 
CYBERSECURITY RISK MANAGEMENT PROCESS FOR UNMANNED 
AERIAL SYSTEMS (UAS) AT THE STRATEGIC LEVEL
Gonzalo Santiago, Major, United States Army
Master of Science in Cyber Systems and Operations
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: Aurelio Monarrez Jr., Department of Information Sciences
In the last decade, the integration of unmanned aerial systems (UAS) into military operations has grown sub-
stantially. UAS have significantly contributed to U.S. military tactical, operational and strategic operations. 
Recently, the U.S. military has made increasing use of commercial off-the-shelf (COTS) UAS, yet none of the 
U.S. military services have a defined cybersecurity risk management process for COTS UAS. These systems 
have been susceptible to cyber attacks, leading to the May 2018 ban on the use of these systems across the 
Department of Defense (DoD). This research effort has developed a multi-echelon cybersecurity risk assess-
ment process for the DoD. The proposed process would enable strategic, operational and tactical commanders 
to assess and communicate cybersecurity risks associated with COTS UAS. The process combined four steps 
from the Joint Risk Analysis Methodology (JRAM) framework and seven steps from a strategic risk business 
management process. This process would allow commanders to have an enhanced awareness of cybersecurity 
risks associated with COTS UAS operations, improved current cyber threat assessments, and tailored action 
plans for their areas of responsibility. The proposed process would help units and agencies across the DoD to 
resume their use, test and purchase of COTS UAS without the need for the current centralized waiver process.
See full thesis text: https://calhoun.nps.edu/handle/10945/62713
Keywords: cybersecurity risk management
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STRUCTURE THROUGH NETWORK ANALYSIS 
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Philip N. Garito Jr., Major, United States Air Force
Master of Science in Defense Analysis (Financial Management)
Robert A. Davidson, Major, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Sean F. Everton, Department of Defense Analysis
Second Reader: Brian H. Greenshields, Department of Defense Analysis
Social network analysis (SNA) serves as a valuable tool when modeling complex, abstract interactions amongst 
business groups, criminal organizations, and terror networks, by exploiting spatial, relational, and temporal 
data to provide a tangible representation of organizational structure and interaction. By refocusing SNA on 
Air Force Special Operations (AFSOC) organizations, this tool will provide leaders with the ability to visual-
ize their organization’s underlying interactions, work flow, and deficiencies and enable them to leverage scale 
and expertise to develop a more effective organization. Already utilized in the corporate sector, SNA proved 
useful in identifying the need to develop efficiently integrated working groups within companies to increase 
their efficiency. By conducting an online survey and calling upon organizational design theories, this thesis 
evaluates the underlying organizational network of a military organization modeled after operations groups 
within AFSOC that control several war-fighting units that support and conduct varying global air missions in 
support of special operations. This analysis provides actionable insights for organizational leadership to poten-
tially produce measurable impacts and find opportunities to better align their organization’s structure for more 
effective communication. 
See full thesis text: https://calhoun.nps.edu/handle/10945/62708
Keywords: social network analysis, organizational network analysis, Air Force, Air Force Special Operations, 
organization theory, systems theory, ORA, organizational design, SNA, net draw, Pajek, visual analytics, orga-
nizational efficiency, organization effectiveness, social networks
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MILLENNIALS IN COMMAND: #INFILTRATION
Joseph D. Davis, Major, United States Air Force
William W. Bochner, Lieutenant, United States Navy
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Robert E. Burks, Department of Defense Analysis
Co-Advisor: Michael E. Freeman, Faculty Administration
The relevance and best utilization of traditional special operations forces (SOF) infiltration methods are de-
picted for the battlefield of 2035. Through an analysis of trends in demographics, technology, diffusion of social 
media, and adversary capabilities, the study focuses on civilian population density and connectivity, and their 
relation to an SOF unit’s ability to conduct time-sensitive, direct action operations. This study first outlines 
a typology for describing an operational environment, past or future, using the variables of population den-
sity and connectivity. Next, using the established typology, the study analyzes historical case studies of both 
military and non-military infiltration in environments that share characteristics with the proposed future en-
vironment, recognizing that no historical environments exist that simultaneously exhibit both the population 
density and connectivity of the future. The study then identifies among the case studies the characteristics that 
historically resulted in successful infiltration, with the goal of developing a heuristic approach to the problem of 
infiltration in a future environment. Finally, this thesis offers recommendations for the direction in which SOF 
capabilities (tactical, platform-based, and a planning mindset) should advance to conduct successful infiltration 
on the battlefields of 2035 and beyond.
See full thesis text: https://calhoun.nps.edu/handle/10945/62727
Keywords: special operations, SOF, infiltration, global connectivity, population density, future battlespace, 
2035, technology, megacity, deception, stealth, cyber, subterranean
SENIOR NON-COMMISSIONED OFFICERS: A DEVELOPMENTAL ANALYSIS
Alex J. Eudy, Senior Master Sergeant, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Douglas A. Borer, Department of Defense Analysis
Second Reader: Marco S. DiRenzo, Graduate School of Business and Public Policy
Senior non-commissioned officers (SNCOs) are developed to support combatant commanders. They are sys-
tematically trained and given much guidance, but not with regard to higher civilian education and business 
acumen. The contrast between military and civilian organizations is sharp. The military’s hierarchical structure 
intends to foster and build talent from within. Similar to the military, some businesses hire, train, develop, and 
advance employees from entry level to senior leadership positions. However, businesses also have the ability to 
recruit external talent. An analysis of developmental practices within three civilian organizations is performed 
using both organizational citizenship behavior and the traits of hierarchy contrasted with the internal unit 
structure of SNCO development. This thesis investigates the application of civilian businesses practices to 
those of the United States military SNCO corps. The final recommendations provide both talent management 
insight and potential opportunities to enhance SNCO developmental practices.
See full thesis text: https://calhoun.nps.edu/handle/10945/62768
Keywords: hire, train, develop, transition, leadership, management, firing, enlisted, hierarchy, organizational 
citizenship behavior, advisor, talent management, petty officer, non-commissioned officer, NCO, senior non-
commissioned officer, SNCO, Southwest Airlines, Dave Ramsey, Chick-fil-A
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OPPORTUNITIES FACING THE HYBRID THREAT
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Matthias Fiala, Lieutenant Colonel, Swiss Army
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Advisor: Kalev I. Sepp, Department of Defense Analysis
Second Reader: Robert E. Burks, Department of Defense Analysis
In the 21st-century strategic environment, small states face new security challenges caused by emerging great 
powers. These new powers seek to achieve their political goals in small states by avoiding major military es-
calation and focusing on combinations of statecraft and non-military means. This “hybrid threat” has strong 
implications for small states’ national security. This thesis explores small states’ vulnerabilities and opportuni-
ties across the political, military, economic, social, and informational (PMESI) spectrum to outline a favorable 
posture toward a great power hybrid threat. The hybrid threat is characterized, and small states’ opportunities 
and vulnerabilities are delineated. A systems-thinking approach is applied to assess how opportunities and vul-
nerabilities influence the relationship between large powers and small states, contributing to the small state’s 
ability to manage and counter a great-power hybrid threat. Three historical cases are analyzed to assess favorable 
or unfavorable postures for a small state and the interactive dynamics of these opportunities and vulnerabilities. 
Ultimately, the study shows that the great power hybrid threat can be significantly lessened by a small state’s 
posture, namely by the interactions between its opportunities and vulnerabilities across the PMESI spectrum. 
By exploiting this systemic interaction, a small state can decisively influence a conflict with a great power and 
effectively limit the hybrid threat’s effects.
See full thesis text: https://calhoun.nps.edu/handle/10945/62857
Keywords: small state, great power, hybrid threat, hybrid warfare, strategic gradualism, system thinking, Gua-
temala, United States, Ukraine, Russia, Taiwan, China, vulnerabilities
INFLUENCE AND DESTRUCTION: MODES OF VIOLENCE, 
MILLENNIALISM AND THE IMPACT OF CONSTRAINT
Cassie Hamblin, Lieutenant Commander, United States Navy
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Leo J. Blanken, Department of Defense Analysis
Second Reader: Tristan Volpe, Department of Defense Analysis
Though conventional methods of conducting terrorist attacks continue to be a highly effective way for violent 
non-state actors to achieve their goals, technological uncertainty drives a debate regarding the impacts of 
emerging technology on the modes of violence these actors will employ in the future. This is indicative of a po-
tential puzzle, in that there is little predictive capability regarding which groups may seek to adopt technologies 
that are becoming available due to increasingly easy means of adoption. Previous work indicates a continuum 
of violence perpetuated by violent non-state actors that ranges from those that conduct limited acts of violence 
to the less constrained actors who may seek to carry out acts of mass destruction. Research into the less con-
strained groups suggests that, regardless of constraints, the more successful violent non-state actors gauge the 
level of violence needed to communicate their threat and avoid enemy overreaction while operating within the 
constraints set by their constituencies. Furthermore, the case studies contained herein suggest that, unless there 
is a preference for specific types of technology inherent to a group’s narrative, the actors will not necessarily 
reach for emerging technologies even when they decide to escalate the destructiveness of their attacks.
See full thesis text: https://calhoun.nps.edu/handle/10945/62862
Keywords: terrorist organizations, technology, adoption, constraints
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DISSUADING YOUNG POTENTIAL TERRORISTS
Jeffrey M. Mann Jr., Lieutenant, United States Navy
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Douglas A. Borer, Department of Defense Analysis
Second Reader: Ian C. Rice, Department of Defense Analysis
Since the 9/11 attacks, the United States has made many sacrifices to combat terrorism; this includes losing 
almost 7000 service members in the campaigns of the War on Terror. The United States has spent nearly $3 
trillion on counterterrorism funding between fiscal years 2002 and 2017. Instead of being reactive in the fight 
against terrorism, I examine how to steer the next generation of potential terrorists in another direction. Using 
mentor programs like Big Brothers Big Sisters and Rancho Cielo as an exploratory proof of concept, I investi-
gate the role proactive mentorship programs have on at-risk youth in a variety of social and culturally diverse 
settings. At-risk youth that are exposed to mentorship programs throughout the world where they develop 
sincere and lasting relationships with their mentors will be less vulnerable to being drawn into a gang or ter-
rorist group. Joseph Campbell’s Hero with a Thousand Faces and the hero’s journey serve as the framework of 
analysis for the mentor programs worldwide and specifically how a mentor inserts him- or herself into the life 
of an at-risk youth. The examined mentor programs and relationships revealed some positive effects; however, 
the results are unclear because the programs have only been recently implemented—more time is required to 
understand lasting results. Not all at-risk youth will benefit from mentorship; however, the programs’ efforts 
enable some misguided youth the opportunity to live a life free of crime.
See full thesis text: https://calhoun.nps.edu/handle/10945/62695
Keywords: at-risk youth, mentorship, countering potential terrorists
REVITALIZATION OF AIR FORCE SOF LEADERSHIP DEVELOPMENT 
Matthew O. Redaja, Major, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Bradley J. Strawser, Department of Defense Analysis
Second Reader: Marco S. DiRenzo, Graduate School of Business and Public Policy
Military retention is a complex problem, particularly when it comes to leadership development. Currently, there 
are gaps in the Air Force’s force development for officers that could be addressed by best practices drawn from 
business leadership. This capstone explored avenues for revitalizing leadership development for Air Force Spe-
cial Operations Forces and delivering additional intellectual capital to the U.S. Air Force Special Operations 
School and the Air Force Special Operations Command (AFSOC) Cochran Group. Based on an analysis of 
programs at Bank of America, Kaiser Permanente, Microsoft, and McDonald’s, we offer three recommenda-
tions for AFSOC: (1) Refine onboarding programs to focus on dialogue and interaction, and to lay a foundation 
of learning and ownership of development early in an officer’s career; (2) create a consistent focus on individual 
development through additional customized support and resources to foster an atmosphere of leadership in ac-
tion; and (3) enhance networking and mentoring programs to cultivate a culture of leaders developing leaders. 
The recommendations provide a comprehensive approach that begins when officers enter AFSOC and does not 
end at a specific time, but rather seeks to empower constant engagement among the Special Operations Forces 
officer corps.
See full thesis text: https://calhoun.nps.edu/handle/10945/62724
Keywords: human capital management, talent management, leadership, development, AFSOC, Air Force, 
SOF, onboarding programs, feedback, mentoring, networking
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SEAD FROM THE GROUND UP: SOF’S ROLE IN  
THE SUPPRESSION OF ENEMY AIR DEFENSES
John Toepher, Lieutenant Colonel, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Kalev I. Sepp, Department of Defense Analysis
Second Reader: Brian H. Greenshields, Department of Defense Analysis
The development and proliferation of new integrated air defense system (IADS) components will challenge 
the U.S. military’s ability to achieve air superiority. Since at least 2001, the U.S. military has enjoyed complete 
freedom of maneuver in the air, resulting in a force that is conditioned to assume it will achieve air supremacy 
at the very beginning of a conflict. U.S. Special Operations Forces (SOF), in particular, have benefited from 
air supremacy. Many U.S. military operations include close air support (CAS); intelligence, surveillance, and 
reconnaissance (ISR); combat search and rescue (CSAR); casualty evacuation (CASEVAC), and rotary-wing 
supported quick reaction forces (QRF). Without air superiority, access to these capabilities will be degraded. 
The U.S. military has few options to reliably and efficiently degrade modern IADS. U.S. SOF therefore has the 
imperative to analyze ways it can support the objective of air superiority through direct and indirect means.
See full thesis text: https://calhoun.nps.edu/handle/10945/62744
Keywords: SEAD, SOF, Air Force, air power, IADS
CAUSES OF ISLAMIC RADICALIZATION AMONG ETHNIC ALBANIANS
Sajmir Cuka, First Lieutenant, Albanian Land Force
Master of Science in Defense Analysis (National Security Affairs)
Advisor: Heather S. Gregg, Department of Defense Analysis
Second Reader: Sean F. Everton, Department of Defense Analysis
Since the start of the Syrian Civil War in 2011, approximately 660 ethnic Albanians from Albania, Kosovo, 
and North Macedonia have joined Islamic jihadist groups, including ISIS. In 2014, these governments began 
conducting counterterrorism operations to disrupt recruitment networks. These efforts, however, devoted fewer 
resources to addressing the underlying social and religious aspects of the foreign fighter phenomena. This thesis 
studies the factors that have contributed to radicalization of ethnic Albanians in Kosovo, Albania, and North 
Macedonia. It applies a radicalization model to study three groups of variables: socio-economic conditions, 
Islamic charities and non-governmental organizations, social connections, and online propaganda as potential 
sources of radicalization of Albanian foreign fighters. The thesis finds that no single overarching factor can fully 
account for the ideological and violent radicalization of ethnic Albanians in the region. The role of Persian Gulf 
State charities and foreign-trained Salafi clerics are two particularly strong variables that have led to the foreign 
fighter problem in the three countries studied. Given these findings, the thesis concludes by recommending a 
greater partnership between governments, official religious associations, and civil society by focusing counter-
radicalization efforts at the community level and prioritizing communities that are at risk for radicalization 
and violent behavior.
See full thesis text: https://calhoun.nps.edu/handle/10945/62769
Keywords: Islamic radicalization, ethnic Albanians, violent radicalization, violent extremism, cognitive radi-
calization, behavioral radicalization, online propaganda, Salafism, jihad, foreign fighters, Islamic State, ISIL, 




OBJECT DETECTION IN LOW-SPATIAL-RESOLUTION AERIAL 
IMAGERY USING CONVOLUTIONAL NEURAL NETWORKS
Brannon W. Chapman, Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Murali Tummala, Department of Electrical and Computer Engineering
Co-Advisor: James W. Scrofani, Department of Electrical and Computer Engineering
Supervised machine learning by convolutional neural networks has proven effective for regional object detec-
tion in digital imagery. However, when applied to low-spatial-resolution aerial imagery, such networks are 
generally less effective because of the low object-to-image size ratio, the unconstrained orientation of objects, 
and a shortage of labeled data. The purpose of this research is to assess whether a deep learning technique can 
be optimized for regional detection and classification of ships, aircraft, or similar platforms in aerial imagery. 
During tests, we sought and observed improvements in detection precision resulting from adaptations to the 
region proposal technique of the Faster Regional Convolutional Neural Network (R-CNN) model while using 
a shallower, fourteen-layer network. Specifically, we found that both k-means clustering and a segmented least-
squares fitting technique reveal object orientation patterns in training data that can be used as the basis for the 
dimensions of Faster R-CNN region proposals. Detection precision was most notably improved for objects not 
tightly bound by a rectangular region due to their orientation in the image plane.
See full thesis text: https://calhoun.nps.edu/handle/10945/62841
Keywords: deep learning, computer vision
QUALITY OF SERVICE AND CYBERSECURITY COMMUNICATION 
PROTOCOLS ANALYSIS FOR THE ROBOT OPERATING SYSTEM 2
Jose M. Fernandez, Lieutenant Commander, United States Navy
Master of Science in Electrical Engineering
Advisor: Preetha Thulasiraman, Department of Electrical and Computer Engineering
Second Reader: Brian S. Bingham, Department of Mechanical and Aerospace Engineering
Throughout the Department of Defense, efforts to increase cybersecurity and improve data transfer in un-
manned robotic systems (UxS) have been ongoing at warfare centers (NUWC, SPAWAR, etc.) and research 
facilities (NPS). This thesis explores the performance of the Robot Operating System (ROS) 2, which is built 
with the Data Distribution Service (DDS) standard as a middleware. Based on how quality of service (QoS) 
parameters are defined in the robotic middleware interface, it is possible to implement strict delivery require-
ments to different nodes on a dynamic nodal network with multiple unmanned systems connected. Through 
this research, different scenarios with varying QoS settings were implemented and compared to baseline values 
to help illustrate the impact of latency and throughput on data flow. DDS security settings were also enabled to 
help understand the true cost of overhead and performance when secured data is compared to plaintext base-
line values. Our experiments were performed using a basic ROS 2 network consisting of two nodes (publisher 
and subscriber). Our experiments showed a measurable latency and throughput change between different QoS 
profiles and security settings. We analyzed the trends and tradeoffs associated with varying QoS and security 





settings. This thesis provides performance data points that can be used to help future researchers and developers 
make informative choices when using ROS 2 for UxS.
See full thesis text: https://calhoun.nps.edu/handle/10945/62809
Keywords: Robot Operating System 2, ROS 2, cybersecurity, quality of service, QoS, latency, throughput, 
DDS, Data Distribution Service
IMPLEMENTATION OF ACTIVE AND REACTIVE POWER 
FLOW CONTROL IN A SINGLE PHASE MICROGRID
Dimitrios Kanavaros, Lieutenant, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Alexander Julian, Non-NPS
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: James Calusdian, Department of Electrical and Computer Engineering
A microgrid is a miniature version of a large power grid, and its purpose is to operate autonomously and to 
increase the reliability of the power system in a naval installation. It is a local area power system, which is able 
to operate either as a subset of a main grid or in an autonomous mode (islanded). The power flowing from a 
utility to a microgrid and vice-versa has two components: 1) active power, which is the real power that can be 
transformed from electric to non-electric by the loads; and 2) reactive power, which is generated by inductive 
loads, such as electric motors. The presence of the latter category lessens the energy efficiency of an installation, 
reduces the real energy, and increases the cost of the electricity for the consumer. The compensation for the 
reactive power and simultaneously the control of the active power are obtained by a highly developed electronic 
system, called the Energy Management System (EMS). It manages the distributed energy resources in a mi-
crogrid, such as batteries, and renewable energy sources to ensure that electricity is available to an installation 
when the main grid is off. In our research, four different methods of EMS control have been examined in order 
to regulate the electricity delivered to the consumer for maximum available power and to reduce the cost of the 
electricity. Simulated plots are presented and validated by experimental waveforms measured on a laboratory 
prototype.
See full thesis text: https://calhoun.nps.edu/handle/10945/62816
Keywords: active power, reactive power, power factor, microgrid, single phase microgrid
MODELING AND CONTROL OF POWER CONVERTERS FOR 
ENERGY STORAGE INTERFACE ON A MICROGRID
Theodoros Karapas, Lieutenant, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Alexander Julian, Non-NPS
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Power DC-to-DC converters are critical to AC and DC microgrids. Among the DC-to-DC power converters, 
the boost converter has a right half plane zero, which makes it difficult to control. The load voltage must be 
kept constant, no matter the variations in the input voltage or the change of the load; to achieve this, a negative 
feedback loop and a control strategy are necessary. This research presents five different digital control strategies 
to regulate the output of a non-ideal DC-DC boost converter, operating either in continuous conduction mode 
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or discontinuous conduction mode. Four of them are innovative control strategies, implemented by modify-
ing regular K-factor and regular voltage mode control. The fifth is current mode, which is widely used as the 
industrial standard. A simple algorithm to set up the parameters for each compensator was introduced. In an 
ideal system, these control strategies performed well, but when time delays were added the performance of the 
controllers changed significantly, and the stability of the system could be affected. The closed-loop performance 
of all controllers was evaluated and compared. Simulation results are provided to show the effectiveness of each 
controller and compare their performance. A laboratory experiment and parametric sweep measurements were 
made to validate the boost converter small-signal model.
See full thesis text: https://calhoun.nps.edu/handle/10945/62818
Keywords: energy storage, boost converter, microgrid, controller, control strategies, current control, K-factor, 
PI compensator, field programmable gate arrays, FPGAs, power electronics
DISTRIBUTED ENERGY STORAGE DESIGN AND MODELING TO 
IMPROVE THE ENERGY SECURITY OF NAVAL FACILITIES
Petros Siritoglou, Lieutenant Junior Grade, Hellenic Navy
Electrical Engineer and Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: Daniel A. Nussbaum, Department of Operations Research
Energy security for naval facilities is of strategic importance. Energy security is characterized by the ability to 
supply critical loads reliably, indefinitely, economically, and in an environmentally friendly manner (sustain-
ably), which enables full-time mission support. Combining renewable resources and, specifically, the emerging 
technology of photovoltaics with a battery storage system is considered a proven approach to providing energy 
security and serves as the basis of this research. Most available design tools focus on the design of grid-tied or 
hybrid renewable power systems. The development of a user-friendly design tool for accurately sizing a stand-
alone power system to meet the critical load demands of a naval, commercial/industrial, or even a residential 
facility is presented in this thesis. The tool complies with both IEEE Standards 1562 and 1013. In addition to 
these guidelines, the developed tool considers important factors that both standards should address in their 
future revisions. Several case studies, which were simulated using a Simulink model based on the output of the 
design program, validate the design software. Finally, we successfully conducted 24-hour laboratory experi-
ments, the results of which confirmed the simulations as well as the accuracy of the sizing methodology; this is 
a feature that many sizing programs lack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62817
Keywords: energy security, off-grid, stand-alone, power system, photovoltaics, PV, solar, batteries, hybrid en-
ergy storage system, HESS, microgrid, MG, supercapacitors, SC
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Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767




BEHAVIOR/APPLICATION OF SUPERCAPACITORS INTEGRATED WITH A SHIP’S 
POWER MANAGEMENT SYSTEM DURING VARYING LOAD CONDITIONS
Kevin Ralson, Lieutenant, United States Coast Guard
Master of Science in Engineering Science (Electrical Engineering)
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
The goal of this research is to study the implementation of supercapacitors (SCs) into the energy storage system 
of an electric propulsion system (EPS) on a hybrid-powered vessel. A commercial ship EPS can be designed in a 
similar fashion as the drive system of a hybrid vehicle. The first commercial hybrid vessels are just now coming 
online, with a traditional hybrid propulsion system (HPS) consisting of only a battery bank and diesel-electric 
propulsion. This study looks at adding a bank of supercapacitors to work with the EPS. The addition of superca-
pacitors to an HPS is advantageous in many ways. SCs can be discharged thousands of times more than a high 
energy density battery, thus extending the life of the SC bank. One unique characteristic of SCs is their ability 
to discharge a large amount of energy very quickly, making this trait very useful for vessel operations—for 
example, during the power take-off and the starting of heavy electrical machinery, which draws an enormous 
load during the first seconds of start-up. However, the main focus of this study is the EPS during normal sea 
conditions where a vessel will spend the majority of its lifetime. Computer simulations (using MATLAB and 
Simulink) confirmed that, with the appropriate control and management, SCs reduce the strain on batteries. 
Also, the fuel efficiency was shown to be improved when comparing a hybrid propulsion system to a non-hybrid 
propulsion system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62772
Keywords: hybrid ship, batteries, DC power, supercapacitor, energy management system
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CROUCHING BEAR, HIDDEN DRAGON: CHINA, RUSSIA, AND 
SECURITY DILEMMA DYNAMICS IN SUB-SAHARAN AFRICA
Tad E. Pugh, Major, United States Army
Master of Science in Information Strategy and Political Warfare
Advisor: Douglas A. Borer, Department of Defense Analysis
Second Reader: Michael E. Freeman, Faculty Administration
The collapse of the Soviet Union left the United States as the preeminent global power. China’s rise has marked 
it as the primary threat to the United States’ top position, but its economic rise alone has not been enough, 
and it found a ready partner in Russia to bolster its balancing efforts. Their mutual resentment of the U.S.-led 
international order drove them to greater cooperation, and an evolving partnership emerged. On the surface, 
this partnership appears to be a solid challenger-bloc that poses a significant threat to the United States’ top 
position. However, in the past, instances of Great Power Competition spawned rivalries that escalated into 
costly back-and-forth exchanges between states that tore partnerships apart. The solidarity of the Sino-Russian 
partnership is seemingly facing stressors due to competition between them in Sub-Saharan Africa that may test 
the strength of this relationship. This thesis explores the nature of Sino-Russian competition in Sub-Saharan 
Africa using the concept of the security dilemma. In doing so, it finds evidence that security dilemma dynamics 
between China and Russia centered on Russia’s growing reliance on the Chinese oil and gas market are becom-
ing an important driver of Russia’s activities in Sub-Saharan Africa.
See full thesis text: https://calhoun.nps.edu/handle/10945/62742
Keywords: security dilemma, Great Power Competition, Sub-Saharan Africa, China, Russia
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ARTIFICIAL INTELLIGENCE (AI) STRATEGY AND DESIGN 
FOR MARINE CORPS INTELLIGENCE
This paper has been recognized as outstanding by its department.
Yusef Akbarut, Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Christopher A. Rodney, Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan C. Boger, Department of Information Sciences
Co-Advisor: Scot A. Miller, Department of Information Sciences
Second Reader: Glenn R. Cook, Department of Information Sciences
Within the past 15 years, artificial intelligence (AI) has represented a rapidly expanding field that will intrin-
sically overhaul analytical processes. Historically human-centric processes and capabilities are quickly being 
overrun by expanding data collection, creating a gap that AI tools can fill. The use of AI applications that have 
benefited commercial industry provide similar opportunities to add value within the military domain. The 
Marine Corps is heavily invested in expanding its collection capabilities across the Marine Corps Intelligence, 
Surveillance, and Reconnaissance Enterprise (MCISRE). The MCISRE 2015–2020 plan directs a moderniza-
tion of intelligence, surveillance, and reconnaissance assets across all intelligence disciplines. As collection 
capabilities expand, analytical tools that process and exploit information must evolve in a similar fashion. In 
order to expand its analytical abilities, Marine Corps intelligence must establish a strategy that identifies how 
to approach integrating AI capabilities. This thesis leverages current AI technological capabilities and proposes 
a strategy to integrate them across MCISRE. The strategy will provide a holistic outlook across the Doctrine, 
Organization, Training, Materiel, Leadership/Education, Policy, and Facilities (DOTMLPF) spectrum to pro-
vide recommendations for senior leadership on material and non-material solutions to support AI integration 
within MCISRE.
See full thesis text: https://calhoun.nps.edu/handle/10945/62806
Keywords: intelligence, automation, policy, artificial, machine learning
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Within the past 15 years, artificial intelligence (AI) has represented a rapidly expanding field that will intrin-
sically overhaul analytical processes. Historically human-centric processes and capabilities are quickly being 
overrun by expanding data collection, creating a gap that AI tools can fill. The use of AI applications that have 
benefited commercial industry provide similar opportunities to add value within the military domain. The 
Marine Corps is heavily invested in expanding its collection capabilities across the Marine Corps Intelligence, 
Surveillance, and Reconnaissance Enterprise (MCISRE). The MCISRE 2015–2020 plan directs a moderniza-
tion of intelligence, surveillance, and reconnaissance assets across all intelligence disciplines. As collection 
capabilities expand, analytical tools that process and exploit information must evolve in a similar fashion. In 
order to expand its analytical abilities, Marine Corps intelligence must establish a strategy that identifies how 
to approach integrating AI capabilities. This thesis leverages current AI technological capabilities and proposes 
a strategy to integrate them across MCISRE. The strategy will provide a holistic outlook across the Doctrine, 
Organization, Training, Materiel, Leadership/Education, Policy, and Facilities (DOTMLPF) spectrum to pro-
vide recommendations for senior leadership on material and non-material solutions to support AI integration 
within MCISRE.
See full thesis text: https://calhoun.nps.edu/handle/10945/62806
Keywords: intelligence, automation, policy, artificial, machine learning 
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This paper has been recognized as outstanding by its department.
Joel M. Katz, Major, United States Marine Corps
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Advisor: Steven J. Iatrou, Department of Information Sciences
Second Reader: Raymond R. Buettner Jr., Department of Information Sciences
Technological advances have led to an increase in data available to commanders and their staffs. Sorting through 
collected data and identifying what is present that is relevant and what is relevant but not present is necessary 
to identify and eliminate information gaps that hinder a commander’s decision-making ability. This thesis 
developed and assessed a model illustrating the creation and propagation of information gaps in a command 
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structure in order to provide a tool to identify and mitigate organizational blind spots. Literature describing ap-
proaches to naturalistic decision-making; individual processes for collecting, filtering, and interpreting specific 
data; and the effect of staff member roles on their interaction with data formed the basis of the model. Internal 
analysis revealed potential causes of information gaps. The model’s utility in identifying information gaps was 
evaluated using dissimilar historical cases with varying command attributes and environmental parameters 
including technological context, situational tempo, and level of war. The thesis concludes by describing the 
model’s limitations and suggesting techniques to further validate the model using live exercises and a way to 
apply the model offensively in deception operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62829
Keywords: decision-making, command and control, C2, dynamic model of situated cognition, naturalistic 
decision-making, recognition primed decision-making, sensemaking, knowledge transfer, organizational igno-
rance, information management, knowledge management, complexity, uncertainty, ambiguity, equivocality, 
hierarchy of command
FORWARD ERROR CORRECTION ENCODING ON THE MULTIPLE INPUT/
MULTIPLE OUTPUT FREE SPACE OPTICAL COMMUNICATIONS CHANNEL
Paul C. Keeley, Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering  
and Master of Science in Applied Mathematics
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: David R. Canright, Department of Applied Mathematics
Second Reader: Peter R. Ateshian, Department of Computer Science
As a high bandwidth, narrow beamwidth channel, free space optical (FSO) communications can potentially 
achieve high data rates with a low probability of detection and intercept. However, in addition to the addi-
tive white Gaussian noise typical of radio frequency communications, atmospheric turbulence adds random, 
relatively long duration fades to the channel, which significantly decrease overall throughput. This thesis ex-
plores how various forward error correction (FEC) techniques affect the channel capacity of a multiple input/
multiple output (MIMO) system. A statistical model of the channel is developed from the existing literature. 
Thirteen coding and modulation schemes are implemented in software and tested against this channel model 
under different simulated levels of noise and turbulence. Codes are compared by characteristics such as energy 
per bit and outage thresholds to determine which characteristics of the different codes most critically affect 
performance. Key performance indicators for each code include average bit error rate, overall throughput, and 
variability. A recommendation is made to implement variable-level coding in future advanced technology dem-
onstrators or prototypes developed for the FSO MIMO system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62846
Keywords: free space optical, FSO, free space optical communications, forward error correction, FEC, low 
probability of intercept, low probability of detection
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and Master of Science in Systems Engineering
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: Gregory A. Miller, Department of Systems Engineering
Second Reader: Peter R. Ateshian, Department of Computer Science
The National Defense Strategy (NDS) has highlighted the need to be prepared to compete with near-peer 
competitors. Specifically, the Marine Corps has a critical requirement for resilient and survivable networks 
capable of operating in contested and denied environments. The free space optical communication (FSOC) 
channel provides opportunity to mitigate many electronic attack (EA) threats. This thesis describes a system 
architecture that is capable of mitigating the challenging effects of the FSOC channel. Model-based systems 
engineering (MBSE) tools and a discrete event simulation are used to model the operation of a multiple-input, 
multiple-output (MIMO) FSOC system. A full factorial design of experiments is used to explore the breadth of 
the design space. Statistical analysis is applied to the simulation’s outputs to identify the design decisions that 
are most critical. This study employs a tradeoff analysis between the bit error rate (BER), transmission rate, and 
power consumption to identify candidate architectures. There are two main conclusions in this thesis. Firstly, 
the error correction capacity of the coding scheme must increase as atmospheric turbulence increases. Secondly, 
as the laser array increases beyond eight independent channels, the system is capable of mitigating the nega-
tive effects of the FSOC channel. This concept merits further development to provide critical communications 
capabilities in a contested environment.
See full thesis text: https://calhoun.nps.edu/handle/10945/62848
Keywords: systems engineering, information sciences, free space optics, FSO, MIMO, multiple-input, multi-
ple-output, systems architecture, low probability of detection, LPD, LPI
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NAVY RETENTION: A CROSS-COMPARISON OF ALL NAVY MEDICINE 
AND SURFACE WARFARE OFFICER COMMUNITIES
Claudia I. Alday, Lieutenant Commander, United States Navy
Nadege Whitfield, Lieutenant, United States Navy
Master of Science in Management
Advisor: Yu-Chu Shen, Graduate School of Business and Public Policy
Co-Advisor: Sae Young Ahn, Graduate School of Business and Public Policy
This thesis examines retention in the Navy Medicine and Surface Warfare communities using an administra-
tive dataset from Defense Manpower Data Center and the Milestone Survey from the Office of the Deputy 
Chief of Naval Operations (Manpower, Personnel, Training, and Education) (OPNAV N1). Through a com-
bination of descriptive and multivariate logistic models, we find that being a female, having dependents, and 
being Hispanic are most correlated with separation outcomes in the administrative data. Our survey results 
indicate that the top reasons for leaving are impact on family, civilian job opportunities, and work-life bal-
ance. The top reasons for staying are medical and dental benefits, monetary compensation and retirement, and 
current job satisfaction. We find that while there is a considerable variation in the intent to leave percentage 
across communities in the survey, the percent of service members who actually left the Navy voluntarily in the 
administrative data are similar across the communities. We recommend that the Navy focus on improving the 
quality of life for members and their families. An additional consideration includes shifting the timeline for 
assignment of Navy Medicine junior officers to their first sea duty tours and deployments.
See full thesis text: https://calhoun.nps.edu/handle/10945/62747
Keywords: retention, milestone survey, Navy Medicine, Dental Corps, Medical Corps, Medical Service Corps, 
Nurse Corps, Surface Warfare Officers
A COST-BENEFIT ANALYSIS OF NAVY STATION SEARCH AND RESCUE (SAR)  
LOCATED IN KEY WEST, FL, AND WHIDBEY ISLAND, WA
Amanda Sciberras, Lieutenant Commander, United States Navy
Bryce L. Christensen, Lieutenant, United States Navy
Master of Science in Management
Advisor: Simona L. Tick, Graduate School of Business and Public Policy
Second Reader: Ryan S. Sullivan, Graduate School of Business and Public Policy
In this thesis, we examine whether the Navy should maintain its current scope of search and rescue (SAR) 
resource employment, or consider alternative ways to conduct SAR missions. Station SAR services are critical 
enablers to the generation of naval aviation force readiness; however, use of a multi-mission combat helicopter 
may not be the most economical method to deliver those services, particularly when balanced with an increas-
ing fleet demand. We analyze existing fleet inventory, personnel, and operational demand data at naval air 
stations at Key West, Florida, and Whidbey Island, Washington, in a cost-benefit analysis of alternate ways 





to conduct SAR. We consider the distinct requirements for Station SAR services at each of the two naval air 
stations included in our study, based upon platforms supported, range, environmental factors, operating pa-
rameters, and local policies.
See full thesis text: https://calhoun.nps.edu/handle/10945/62751
Keywords: personnel, manpower policy, manpower policy issues, search and rescue, SAR, cost-benefit analysis, 
cost-based analysis, cost efficiency analysis, Navy Aviation, Naval Aviation, analysis of alternatives, MH-60S, 
MH-60R, helicopter, OPNAV N9, N98, Air Warfare, Whidbey Island, Key West, commercial outsourcing, 
special studies, Department of Defense, DoD, military, Navy, Marine Corps, Coast Guard, Air Force, require-
ments, determination, leadership
NUMERACY AND LITERACY SKILLS AND EARLY PROMOTION
Oscar Rene Franyutti Limon, Lieutenant Junior Grade, Mexican Navy
Master of Science in Management
Advisor: Jesse Cunha, Graduate School of Business and Public Policy
Co-Advisor: Amilcar A. Menichini, Graduate School of Business and Public Policy
This paper will report to what extent cognitive ability plays a role in predicting future promotion. This knowl-
edge could be useful for those who are more likely to fill a higher position during their military careers, given 
their cognitive ability. U.S. Navy leaders could use this information to allocate resources to these Sailors in 
advance in order to help them achieve a higher margin of productivity and better set of skills to help them later 
in their careers. By doing so, the Navy would be incentivizing Sailors with the greatest cognitive ability to stay 
longer in the military; in turn, the Sailors will see that they get a better payoff for staying in the military longer. 
This study looks specifically at promotions from E-3 to E-7 between 2001 through 2011. The results of this 
study suggest there is a significant positive correlation between promoting early and basic cognitive ability. In 
fact, in most cases, the higher the score, the more likely a Sailor will promote early across the whole Navy and 
at the community level. Furthermore, the relevance of being more cognitively advanced becomes more impor-
tant as the military member ascends the hierarchy. Given that the Armed Forces Qualification Test’s (AFQT) 
formula emphasizes literacy skill more than math knowledge, I argue that the AFQT’s metric captures literacy 
better. Therefore, by displaying higher literacy capacity, an enlistee has a better chance of early promotion.
See full thesis text: https://calhoun.nps.edu/handle/10945/62737
Keywords: cognitive ability, literacy skill, enlisted promotion, human capital, standardized test
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MANAGEMENT
ANALYSIS OF PROMOTION OUTCOMES FOR NAVY NURSE CORPS OFFICERS
Desmond Keme, Lieutenant, United States Navy
Master of Science in Management
Advisor: Yu-Chu Shen, Graduate School of Business and Public Policy
Co-Advisor: Simona L. Tick, Graduate School of Business and Public Policy
Using individual-level data on active duty naval officers in fiscal years 2010 to 2018, I estimate predictive 
models for nurse corps officers’ promotions to the ranks of lieutenant commander, commander, and captain. 
Among nurse corps lieutenants eligible for lieutenant commander promotion, I find that nurse corps–specific 
professional qualifications, such as duty under instruction, Additional Qualification Designators, and being a 
nurse provider, are associated with positive promotion outcomes, all else equal. Similar results are found for the 
lieutenant commander promotion to commander, with the exception that being a prior-enlisted nurse corps 
officer is associated with reduced promotion probabilities to the grade of commander. Among eligible com-
manders, having Additional Qualification Designators is associated with increased promotion probabilities, 
while being a nurse provider is associated with reduced probability of promotion to the grade of captain. For 
all three considered promotion milestones, being married is associated with increased promotion probabilities, 
while having dependent children as well as commissioning at a later age are associated with lower promotion 
probabilities, all else equal. The findings of this analysis can inform Navy nurse corps policy-makers on the 
likelihood of promotion at different milestones in a nurse corps officer’s career.
See full thesis text: https://calhoun.nps.edu/handle/10945/62745
Keywords: naval officer profiles, nurse, Navy nurse corps, nurse corps promotion, promotion probability pro-
files, military health system, nurse corps subspecialty, Additional Qualification Designators, professional prac-
tice model, United States Navy
DOES THE QUALITY OF UNDERGRADUATE EDUCATION 
PREDICT OFFICER PERFORMANCE?
Eric W. Lehmann, Lieutenant Junior Grade, United States Navy
Master of Science in Management
Advisor: Elda Pema, Graduate School of Business and Public Policy
Co-Advisor: Simona L. Tick, Graduate School of Business and Public Policy
This study investigates whether various indicators of college education quality affect retention and career pro-
gression of Navy officers. The cost of tuition, how selective a school is, and the average entry test scores of an 
institution’s student body all impact an officer’s decision to stay in the military or not. These indicators are 
also correlated with the probability of promoting to O-4 rank. The results of this study shed light on the value 
that high-ranking institutions provide as opposed to lower-ranked schools. These comparisons are difficult to 
make in the civilian labor market, due to lack of internal firm data on turnover and career progression. The 
United States Navy uses the same performance evaluation for all officers, from all schools, and all years, thus 
allowing for a comparison of the value that post-secondary institutions bring to the Navy through officer job 
performance, advancement, and retention.
See full thesis text: https://calhoun.nps.edu/handle/10945/62757
Keywords: college, university, selectivity, tuition cost, officer performance, quality, value, retention, promo-
tion, test scores, naval officer, Navy, admission, conspiracy, top school
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OPTIMIZATION ROUTINE FOR COMPRESSOR DESIGN  
USING COMMERCIAL SOFTWARE
Martin Brantner, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
Previous research at Naval Postgraduate School produced a design procedure for generating gas compressor 
rotor models using commercial software. This design procedure was improved upon by parameterizing the 
blade profiles as quadratic functions of axial distance and chord location. An objective function for compres-
sor performance using pressure ratio, efficiency, and massflow was formulated, which applied a holistic view of 
quantifying the value of a compressor design. An optimization algorithm was implemented within the proce-
dure to seek an optimal design by generating a CAD model, performing computational fluid dynamics (CFD) 
analysis, and iterating the design function constants toward an optimal solution. The routine found an optimal 
compressor design; however, inconsistencies in the CFD solution data prevented the routine from finding the 
expected global maximum.
See full thesis text: https://calhoun.nps.edu/handle/10945/62852
Keywords: axial compressor, design tool, optimization
DESIGN AND DEVELOPMENT OF AN ADAPTABLE FLIGHT DEMONSTRATION 
VEHICLE WITH MODULAR GUIDANCE AND CONTROL
Matthew Busta, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Christopher M. Brophy, Department of Mechanical and Aerospace Engineering
Co-Advisor: Vladimir N. Dobrokhodov, Department of Mechanical and Aerospace Engineering
The ability to evaluate new missile technologies and explore various flight profiles through experimental flight 
tests is an essential step in most technology development paths. This capability is often an expensive option and 
designs are frequently limited to a particular vehicle layout. An adaptable and recoverable two-stage missile 
flight system was designed with configurability in mind such that either ballistic flight paths or a boost-sustain 
configuration with a final horizontal flight profile can be evaluated. The vehicle developed included tunable 
guidance and control, servo actuation, structure, recovery, and avionics. The system was designed to utilize a 
canard control strategy for the boost phase and tail control for the sustainer phase regardless of which flight 
option was used. Flight testing was conducted to demonstrate structural concepts, inertial navigation sensor 
resolution, data collection, two-stage events, and recovery.
See full thesis text: https://calhoun.nps.edu/handle/10945/62771
Keywords: missile design, missile control





NOVEL NANOMATERIAL-PARAFFIN-EPOXY  
PHASE-CHANGE MATERIAL FORMULATIONS
Joshua A. Hanna, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Claudia C. Luhrs, Department of Mechanical and Aerospace Engineering
Second Reader: Troy Ansell, Department of Mechanical and Aerospace Engineering
The regulation of temperature within living and storage spaces in high-temperature environments is a demand-
ing challenge mostly met using high-fuel consuming air conditioning systems. Phase-change material (PCM) 
systems have the potential to decrease military operating costs and ease operating demands. By passively regu-
lating temperature cycles through absorbing heat during daytime and releasing heat during nighttime, PCM 
systems can decrease the need for conventional air conditioning systems. The aim of this research was to en-
capsulate a PCM into an epoxy resin, which would be applied to fabric for use as a lining in living or storage 
spaces. Nonadecane, an organic hydrocarbon with a melting temperature of 32°C and sufficient cyclability, was 
selected as a suitable PCM material. The epoxy-PCM composite was manufactured using the thickening agent 
Carbopol to aid in the emulsification of PCM and epoxy. Various micro- and nano-scale thermally conductive 
additives were included into the composite formulations to improve thermal performance. Using 3D printing 
strategies, the new epoxy-PCM composite system was successfully attached to fabric to create a removable liner.
See full thesis text: https://calhoun.nps.edu/handle/10945/62739
Keywords: phase-change material, PCM, nanomaterial, energy storage
WASTE HEAT RECOVERY FROM A GAS TURBINE ENGINE  
USING A HEAT EXCHANGER AND ASSOCIATED CENTRIFUGAL 
COMPRESSOR VOLUTE DESIGN AND SIMULATION
This paper has been recognized as outstanding by its department.
Michael Kaim, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
Co-Advisor: Douglas L. Seivwright, Department of Mechanical and Aerospace Engineering
The U.S. Department of Defense has implemented an initiative to become more energy efficient across all 
services. The Naval Postgraduate School supported development towards this goal by studying the possibil-
ity of energy generation using waste heat recovery within shipboard gas turbine engine exhaust. This research 
included the development of a heat exchanger ultimately to use compressed CO2 as the working fluid to run 
a Brayton cycle. In support of this research, this thesis continued previous research regarding the Rolls Royce 
M250 helicopter engine and the heat exchanger previously designed. The heat exchanger was modified and the 
coils replaced using lessons learned from the previous iteration, and a second heat exchanger was built to match 
the first. The heat exchangers were installed on the engine’s dual exhaust in order to gather measurements to 
determine how they would affect engine performance. The heat exchangers were tested using nitrogen to deter-
mine effectiveness. Additionally, a centrifugal compressor volute was designed utilizing a commercial impeller. 
An ANSYS CFD model was developed and tested to create a map of the compressor’s performance utilizing air. 
The compressor was then manufactured using 3D printing technology and run using an independent electric 
motor so that the compressor and turbine can be run uncoupled at different speeds. This thesis was critical in 
the continuing development of a shipboard waste heat recovery system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62754
Keywords: energy, waste heat recovery, gas turbine engine
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MECHANICAL ENGINEERING
IMPLEMENTATION OF A MICROTURBINE IN A HYDROGEN 
ENERGY STORAGE AND GENERATION SYSTEM
Brianna M. Kaufmann, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Andrea D. Holmes, Department of Mechanical and Aerospace Engineering
The energy needs of the Navy and the Department of Defense demand renewability, reliability, and resilience. 
Diverse means of energy production, including hydrogen gas combustion, support these requirements. The 
overarching goal of this research is to develop a system that produces and stores hydrogen and then combusts 
the hydrogen in a commercial microturbine to produce electricity. This thesis focuses on fueling a Capstone 
C30 MicroTurbine with hydrogen. Future research will produce a complete system that uses renewable re-
sources, reliably produces electricity to meet demand, and demonstrates fuel resiliency. The implementation of 
the C30 enables the use of a renewable resource in a reliable and resilient system. A system component with the 
capability to produce energy from hydrogen (in addition to methane and propane) indicates resilience in fuel 
choices. If the primary fuel is unavailable, secondary fuels fulfill the demand for energy. Resilient technologies 
must use several fuels with varying properties. Computational fluid dynamic models establish expected oper-
ating differences between different types of fuel. Data collected from the C30 establish operating differences 
between light hydrocarbon fuels (natural gas, propane) and hydrogen gas. Benefits and challenges of using 
hydrogen gas-fueled microturbines and recommended improvements are discussed.
See full thesis text: https://calhoun.nps.edu/handle/10945/62733
Keywords: energy, resilience, reliability, renewable, hydrogen, gas turbine, microturbine, energy resilience, 
renewable energy
ENERGY MANAGEMENT IN NAVAL FACILITIES USING PHASE CHANGE MATERIALS
Julian M. Martinez, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Muguru Chandrasekhara, Department of Mechanical and Aerospace Engineering
Second Reader: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Phase change materials (PCM) offer a great potential to passively cool buildings by using latent heat to store 
the room thermal energy throughout the day and releasing it at night when the ambient air is cooler. This study 
supports the Office of Naval Research (ONR) Energy, Science and Technology Evaluation Program (ESTEP) 
by evaluating commercial PCMs and other alternatives to traditional air conditioning methods. Flat panels of 
PCMs—energy panels—were installed in the ceiling and as a wall in a room. The air temperature in the room 
was continuously monitored for weeks by imposing varying heat loads to document the effectiveness of the 
PCM in achieving the desired benefits. The results showed that the PCM reacted very quickly to the applied 
heat load with a charge time of a few minutes, but still satisfactorily cooled the room. However, a more gradual 
heat loading permitted the room temperature to remain stable near the PCM melting temperature, which was 
the goal of the project. These conclusions also enable estimating the PCM mass required for any room if the 
heat loads can be quantitatively assessed. The results of this study were verified with the Department of Energy 
(DoE) energy management software EnergyPlus, a program that uses finite differencing methods to simulate 
the thermal profile of whole buildings. Reasonable qualitative agreement was obtained between the measure-
ments and calculations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62752




TESTING AND MODELING HIGH STRAIN RATE FAILURE IN COMPOSITE MATERIALS
Connor J. Panick, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Second Reader: Jarema M. Didoszak, Department of Mechanical and Aerospace Engineering
The use of fiber-matrix composite materials in military ordnance casings is of increasing interest to the U.S. 
Navy due to the potential for such casings to reduce collateral structure damage. In order to use fiber-matrix 
composite materials in such an application, the high strain rate failure characteristics of said materials must be 
well understood and capable of finite element (FE) implementation. This study evaluated the high strain rate 
behavior in relation to quasi-static behavior of a supplied carbon fiber material. Material samples were provided 
in three distinct composite layup orientations. High strain rate testing utilized a Charpy impact tester, and 
slow strain rate testing used a standard tensile tester. Experimental data revealed a rate-dependent failure strain 
in the composite matrix material and a rate-invariant failure strain in the carbon fiber. Material property data 
(including high strain rate effects) were passed into an impact specimen and tensile specimen ABAQUS FE 
model that used a pre-defined user subroutine capable of performing damage calculations on fiber-matrix com-
posite materials. Additional impact tests used a load cell in order to create a time-dependent input force for the 
FE model (unique to each composite layup). The ABAQUS FE model produced results that were in agreement 
with the experimentally observed changes in composite layup material properties as functions of the applied 
strain rate.
See full thesis text: https://calhoun.nps.edu/handle/10945/62710
Keywords: composite, dynamic failure modes, dynamic failure characteristics, dynamic failure modeling, high 
strain rate, anisotropic, ABAQUS, impact testing, fiber-matrix material, carbon fiber, finite element, FE, finite 
element modeling
TRIBOELECTRIC NANOGENERATOR WITH OCEAN WAVE ENERGY
Sarah G. Reilly, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Second Reader: Jarema M. Didoszak, Department of Mechanical and Aerospace Engineering
This research successfully developed and tested an improved triboelectric nanogenerator (TENG) with water 
waves at the Naval Postgraduate School (NPS). The copper electrode holder and track to which the PTFE tape 
was attached were printed at NPS via a 3D printer. Both the original and improved TENGs were successfully 
tested with a linear reciprocating motor at two different speeds and with three different weight conditions. In 
addition, the improved TENG was also tested with thinner PTFE tape. It was found that the biggest influence 
on the alternating current (AC) output voltage for the TENG was the frequency at which it was operated. The 
improved TENG was then simply modeled to predict a peak AC output voltage based on input TENG fre-
quency. Finally, the improved TENG was attached to the side of an acrylic column with the ability to operate 
only in the vertical (heave) direction. It was tested in a wave tank with seven different frequencies and we found 
that the improved TENG was successful in producing AC voltage output from the waves of the wave tank.
See full thesis text: https://calhoun.nps.edu/handle/10945/62717
Keywords: blue energy, triboelectric nanogenerator, TENG, oscillating column, wave energy
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MECHANICAL ENGINEERING
REDUCTION EXPANSION SYNTHESIS OF SINTERED METAL
Wilson L. Rydalch, Lieutenant Junior Grade, United States Navy
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Energy Academic Group
Co-Advisor: Claudia C. Luhrs, Department of Mechanical and Aerospace Engineering
In this work we demonstrate that the unique Reduction Expansion Synthesis-Sintered Metal (RES-SM) tech-
nique can be employed to create sintered nickel and iron bodies at hundreds of degrees below their melting 
temperature. The first process step is “activating” the metal powder in a bath of hydrogen peroxide. In the 
second step activated metal powder is mixed with the corresponding metal oxide powder. The mixed powder is 
used to fill a 3D-printed plastic mold. Next, the oxidized metal powder and the metal oxide powder are reduced 
through the chemical process that takes place with the exposure of the decomposition of urea. The thermal 
decomposition of urea produces radical species that reduce the metal particles. Optimal results were achieved 
by heating the powder shapes to 900 degrees Celsius for 1200 seconds in an inert atmosphere with nitrogen gas 
flowing. Inspection using scanning electron microscopy revealed that the metal samples were held together by 
necking in between the metal particles. X-ray powder diffraction confirmed that the RES-SM technique pro-
duced a completely reduced metal sample. The samples produced in the study are completely self-supporting, 
but they are similar to metal parts that require post-processing to fully densify, also known as “green” metal 
parts. Green metal parts are generally understood to not be as hard, dense, or ductile as metal parts. However, 
the post-processing procedures for green metal parts are widely understood, and can be applied.
See full thesis text: https://calhoun.nps.edu/handle/10945/62760
Keywords: metal additive manufacturing, additive manufacturing, low temperature casting, metal powder 
sintering, Reduction Expansion Synthesis-Sintered Metals, RES-SM
NOVEL FORMULATIONS AND PROCESSING CONDITIONS  
TO 3D PRINT CU ALLOYS FOR NAVAL APPLICATIONS
Gabriel D. Supe, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Claudia C. Luhrs, Department of Mechanical and Aerospace Engineering
Second Reader: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
Research was conducted for the development of formulations for additive manufacturing of metal nanopar-
ticles that produced a 3D-printed metal object without oxidation but with material properties and corrosion 
resistance similar to existing approaches. The study was designed around experimentation of different liquids/
viscous fluids that when mixed with metal nanoparticles formulated a paste that can be used in extrusion 3D 
printers. A suitable binding agent, water/ethanol-based gel, was chosen to produce the initial paste to be 3D 
printed. The ideal printing conditions for the metal powder paste were found through trial and error. The pastes 
and products were analyzed and tested for oxidation and material properties using X-ray diffraction, electron 
microscopy, and nano mechanical testing. The study was limited to the use of copper (Cu) alloys, for example, 
monel. The finished product was a metal design that retains the material properties of the desired metal and a 
Vickers hardness of 99.78. The porosity was able to be reduced to 10.56% in the sample after heat treatment.
See full thesis text: https://calhoun.nps.edu/handle/10945/62798
Keywords: extrusion printing, metal nano particles, electron microscopy, paste formulation, 3D printing, cop-
per alloys, Cu alloys
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MECHANICAL ENGINEERING
STUDY OF WAVE-INDUCED LOAD EFFECTS  
ON A SUBMERGED BODY NEAR THE SURFACE
Kristia Suriben, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Joseph Klamo, Department of Systems Engineering
There is a growing interest in using unmanned underwater vehicles to perform a large array of tasks that require 
operation near the surface, and the wave-induced loads experienced by these vessels play an important role in 
their design and operation. An analytic solution can predict first-order loads on a submerged body using poten-
tial flow theory. However, potential flow does not take into account viscous effects, which can also be signifi-
cant in the hydrodynamic loads experienced. Experimental model tests were performed using a wave generation 
tow tank, where both potential and viscous effects were acting on a submerged body, at speed, near the surface. 
Two different geometries were tested to model these submerged bodies. One model was a cylindrical body with 
hemispheric endcaps. The second model was a cylindrical body with circular, flat-faced endcaps. Experiments 
on both models were performed to measure hydrodynamic loads for three different speeds over various wave-
lengths, at two model depths, and for one wave height. The measured loads were then compared and analyzed 
against the predicted loads from the analytic solution, and the significance of viscous loads was determined.
See full thesis text: https://calhoun.nps.edu/handle/10945/62748
Keywords: unmanned, underwater, vehicle, hydrodynamic, forces, loads, waves, submerged, viscous, hemi-
spheric, cylindrical, speed, tow, tank, potential, wavelength, model
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Advisor: Paul T. Beery, Department of Systems Engineering 
Co-Advisor: Michael P. Atkinson, Department of Operations Research
Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767




OBSERVATIONS OF ENVIRONMENTAL FACTORS AFFECTING INTENSITY 
CHANGES DURING THE TRACK REVERSAL OF HURRICANE JOAQUIN (2015)
Natasha Buholzer, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Wendell A. Nuss, Department of Meteorology
The objective of this thesis is to better understand the environmental factors and internal processes that contrib-
uted to the unusual track reversal of Hurricane Joaquin (2015) north of the Bahamas and the two rapid inten-
sification events. Special reprocessed Atmospheric Motion Vector (AMV) and Satellite Consensus (SATCON) 
datasets were used to document the vertical extent of the inner vortex convection and the outflow level and 
strength of Joaquin. The hypothesis of this study is the addition of high temporal and spatial resolution AMVs 
and SATCON data over the vortex and the surrounding environment will further explain the contributing fac-
tors to the track and intensity events of Joaquin. The Joaquin case well illustrates that the relationship between 
environmental vertical wind shear (VWS) and tropical cyclone intensity change can be highly non-linear and 
that the ocean cooling contributed highly to Joaquin’s intensification and decay.
See full thesis text: https://calhoun.nps.edu/handle/10945/62844
Keywords: tropical cyclone, hurricane, Joaquin, track, forecast, atmospheric motion vectors, AMVs, intensity, 
ocean-cooling, non-linear correlation
MODELING THE IMPACTS OF CLIMATE CHANGE ON TROPICAL 
CYCLONE FORMATIONS IN THE WESTERN NORTH PACIFIC
Robert B. Carter, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Tom Murphree, Department of Meteorology
Co-Advisor: David Meyer, Statistical Solutions LLC
A dynamical-statistical modeling approach was used to investigate climate change impacts on tropical cyclone 
(TC) formations in the western North Pacific (WNP). Reanalysis data and climate model projections were 
analyzed for 1981–2050 to identify both past and future impacts. The projections came from the Community 
Climate System Model version 4 (CCSM4). The primary analysis tool was a statistical model that uses informa-
tion about large-scale environmental factors (LSEFs) to predict the probability of TC formation. This model 
was built using data on the LSEFs and TC formations during the last several decades. We forced the statistical 
model with the reanalysis LSEFs and with the climate model LSEFs outputs from the climate model to produce 
formation probability analyses for 1981–2018. The two methods for calculating the probabilities both showed 
increasing trends during this period for the central WNP region in which most WNP formations occur. These 
trends are consistent with the observed increase in TC formations in this region during this period. The climate 
model probabilities based on long-term mean, El Niño, and La Niña LSEFs for 1981–2018 were also consis-
tent with observed TC formations. For future decades, the climate model projections showed multi-decadal 
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increases in both TC formation probabilities and the WNP area in which TC formation is most probable. We 
recommend continued use of dynamical-statistical methods as observational data and climate models improve.
See full thesis text: https://calhoun.nps.edu/handle/10945/62847
Keywords: tropical cyclone, TC, climate change, statistical modelling, large-scale environmental factors, 
LSEF, Western Pacific, Representative Concentration Pathway, RCP, climate system predictors, hindcast, trop-
ical cyclone formation areas, Climate Forecast System Reanalysis, Climate Forecast System version 2, Coupled 
Model Intercomparison Project Phase 5, CMIP5, Community Climate System Model version 4, CCSM4
MORPHOLOGY CHANGES TO CARMEL RIVER STATE BEACH 
IN RELATION TO WAVES AND RIVER DISCHARGE
This paper has been recognized as outstanding by its department.
Jillian N. Coughlin, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Mara S. Orescanin, Department of Oceanography
Second Reader: Edward B. Thornton, Department of Oceanography
Morphological changes to beaches are the result of sediment transport via wind forcing, water flow, and hu-
man interference. Extreme morphological change to beaches occurs when a breach occurs across a beach. Each 
year, an ephemeral river breaches Carmel River State Beach (CRSB), a pocket beach that separates Carmel 
Bay from Carmel River, after lagoon water levels reach a certain height. Some seasons have a breach located 
constantly at the southern end of CRSB. During other years, the river breach migrates to the north through-
out the season prior to relaxing to the south for breach closure. Using aerial photography and Structure from 
Motion photogrammetry, this study investigates the seasonal movement of the ephemeral river channel across 
the beach, the effects of wave height and direction on the morphological changes observed, and the overall net 
transport of sediment involved from December 2016 to June 2018. CRSB was found to be a closed system of 
sediment transport due to alternating migratory and stationary breach seasons. Migratory years cause beach 
erosion while stationary years yield sediment accretion or beach building, creating a stabilizing effect on the 
long-term sediment balance of CRSB. Findings suggest that river breach migration at CRSB is influenced by 
river discharge levels and local wave climate. In the wave climate at CRSB, there are slight seasonal variations 
in wave direction that result in enhanced northward momentum during migratory years.
See full thesis text: https://calhoun.nps.edu/handle/10945/62839
Keywords: Carmel, beach morphology, breach, river, wave height, topography, SfM, Structure from Motion, 
Carmel River State Beach, CRSB, aerial photography, photogrammetry, migratory, river discharge
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THREE-DIMENSIONAL DISCRETE ELEMENT MODELING 
OF FIRST-YEAR SEA ICE RIDGES
This paper has been recognized as outstanding by its department.
Travis J. Davis, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Timour Radko, Department of Oceanography
Co-Advisor: Andrew F. Roberts, Department of Oceanography
Second Reader: Adrian Turner, Los Alamos National Laboratory
A three-dimensional discrete element model has been developed to investigate the evolution of particular as-
pects of pressure ridges in thin, first-year, sea ice. The primary goal of this work is to test one facet of recent 
theoretical advances in the representation of sea ice thickness in Earth System Models that advocates for the 
introduction of macro-porosity, ΦR, to the state space of basin-scale sea ice models. Macro-porosity is caused 
by cavities between fractured sea ice blocks created during the formation of ridges during convergence of ice 
floes in the Southern and Arctic Oceans. Previously, sea ice thickness in basin-scale sea ice models has been 
represented by a real thickness distribution, g(h), but new mathematical derivations suggest that this should be 
replaced in predictive models with a bivariate distribution, g(h, ΦR). In this thesis, a discrete element model of 
sea ice is described and then used to investigate the evolution of ΦR in three-dimensional ridges. Changes in 
ΦR over time are extremely difficult to measure in the Arctic, and therefore this research bridges observational 
constraints and theoretical assumptions. The final results suggest that, within the constraints of the given 
discrete element model, a more sudden change in macro-porosity occurs at the initial creation of a ridge than 
current theory suggests, but thereafter evolution of macro-porosity follows a path similar to what a Coulombic 
friction model predicts.
See full thesis text: https://calhoun.nps.edu/handle/10945/62801
Keywords: discrete element model, sea ice, Arctic, ridge, Large-scale Atomic/Molecular Massively Parallel 
Simulator, LAMMPS
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EFFECTS OF LOW-LEVEL AND DEEP-LAYER SHEAR ON SQUALL LINE INTENSITY
Nicolaas A. Verhoeven, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: John M. Peters, Department of Meteorology
Second Reader: Wendell A. Nuss, Department of Meteorology
Squall lines are a subset of mesoscale convective systems that are characterized by a long quasi-linear region 
of convection. Squall lines cause a wide range of weather-related impacts on society, warranting considerable 
research efforts to better understand their dynamics. Despite their societal impacts, there are many unknowns 
surrounding how vertical wind shear and entrainment affect the intensity of squall line updrafts. This paper 
investigated these unanswered questions using sophisticated numerical simulations from a cloud model. Low-
level shear, deep-layer shear, and relative humidity are varied among a set of simulations. Increasing low-level 
shear, deep-layer shear, or relative humidity resulted in greater updraft velocities with larger vertical mass flux 
and wider updraft areas. These wide updraft areas insulate the updraft core from entrainment-driven dilu-
tion and make updrafts more buoyant than in environments with weaker shear. However, these increases in 
buoyancy were canceled by the downward effects from the buoyancy pressure accelerations. Upward dynamic 
pressure accelerations increased with shear, especially at low levels, which ultimately resulted in a positive cor-
relation between vertical accelerations, vertical velocities, and low-level and deep-layer shear. It is therefore 
concluded that the primary way in which shear influences squall line intensity is to enhance mechanically 
generated dynamic lifting along the cold pool edge and within updrafts.
See full thesis text: https://calhoun.nps.edu/handle/10945/62845
Keywords: squall lines, entrainment, Mesoscale Convective Systems, low-level shear, deep-layer shear
WAVE RUNUP ON A STEEP ROCKY BEACH WITH A SMALL RIVER PLUME
Ka Xiong, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Mara S. Orescanin, Department of Oceanography
Second Reader: Derek Olson, Department of Oceanography
To date, there are limited in situ data collected on the coast and at river deltas because the ocean–land con-
vergence boundary is highly energetic and presents significant difficulties for experimentation. The focus of 
most river discharge research has been on large river deltas, and less attention has been paid toward small river 
plumes. Similarly, the surf zone on steep rocky beaches is also a less-studied topic because of logistical chal-
lenges. In the present study, we use remote sensing techniques to observe and collect wave runup at Carmel 
River State Beach, a steep beach with varying coastline features. The focus of this research was to investigate 
vertical-wave runup on a steep rocky beach with a small river plume. Elevation data collected showed Carmel 
River State Beach is very uniform in slope across the shore. Time-stack image analysis of wave runup at differ-
ent sections of the beach showed that contrary to Battjes’ relationship between wave height and beach slope, 
near the Carmel River plume the greatest slope does not yield the highest vertical runup. Runup is affected by 
the hydrodynamics of river plume and coastal roughness by lowering the vertical height. The highest runup was 
observed on the sandy portion of beach, trailed by rocky shores, then river discharge. The empirical coefficients 
developed by Ahrens over smooth and rocky structured slopes produced runup values comparable to only those 
portions of the beach that had similar beach features.
See full thesis text: https://calhoun.nps.edu/handle/10945/62860
Keywords: Carmel, river, plume, swash, runup
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SCATTERING STATISTICS OF A NEGATIVELY BUOYANT THERMAL PLUME
This paper has been recognized as outstanding by its department.
Timothy Forge, Lieutenant, Royal Australian Navy
Master of Science in Physical Oceanography
Advisor: Derek Olson, Department of Oceanography
Second Reader: John A. Colosi, Department of Oceanography
Reverberation often limits effectiveness of active sonar systems due to the difficulty in discriminating between 
a desired target and the undesired echo returns scattered from inhomogeneities in the water column and its 
boundaries. An understanding of the background environment that produces the reverberation is essential for 
optimization of sonar systems, as it will assist in the reduction of clutter, and may also allow active systems to 
remotely classify the reverberation source. Many studies have dealt with the scattering properties of the bound-
aries and volume of the water column; however, little attention has been paid to the statistical characterization 
of volume scattering due to turbulence. In this thesis, laboratory measurements of high-frequency (70kHz, 
120kHz, and 200kHz) narrowband acoustic backscattering through a negatively buoyant thermal plume have 
been performed, and the empirical echo distributions matched to statistical functions. Results show that the 
reverberation statistics did not always follow a Rayleigh probability distribution function (PDF), but exhibited 
sub-Rayleigh behavior with lighter tails, aligning more closely to a Rician PDF. A qualitative assessment of 
these results infers that there is a weak coherent component of the reverberation due to the temperature strati-
fication of the thermal plume, and a strong incoherent component due to the turbulent mixing.
See full thesis text: https://calhoun.nps.edu/handle/10945/62734




IMPROVING MARINE FORCES STORAGE CENTER EFFICIENCY USING 
WORKFLOW MODELING AND DISCRETE EVENT SIMULATION
Kevin J. Ayres, Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Arnold H. Buss, MOVES Institute
Co-Advisor: Geraldo Ferrer, Graduate School of Business and Public Policy
This thesis uses conceptual modeling and discrete event simulation (DES) to assess warehousing efficiency for 
Marine Forces Storage Center (MFSC), Marine Corps Logistics Command. In April 2018, MFSC took pos-
session of a new warehouse aboard Marine Corps Logistics Base-Albany to consolidate multiple warehousing 
operations into one warehouse facility to store, issue, receive, and account for military equipment. In August 
2018, MFSC began the consolidation process and started moving all military equipment into one single facil-
ity. Today, MFSC conducts warehousing in a 57,000-square-foot storage facility, significantly smaller than 
the 120,000-square-foot facility it operated in previously. First, simulation event graphs illustrate the specific 
warehouse workflow behaviors and procedures. Simkit, a Java-based simulation package, is used to build a DES 
to represent the warehouse workflow processes, compute statistical outputs, and assess the warehousing per-
formances based on different input values. This study analyzes the warehouse throughput using different sta-
tistical analysis methods, such as simulation experiments and predictive modeling, to reveal the input-output 
relationships that promote optimal warehouse performance. The warehouse workflow simulation model serves 
as a proof of concept and verification tool to promote workflow optimization, identify and mitigate bottlenecks 
in the workflow processes, and assist data-driven decision-making to improve operating procedures.
See full thesis text: https://calhoun.nps.edu/handle/10945/62715
Keywords: warehousing, workflow, storage, modeling, discrete event simulation, DES, optimization, logistics, 
supply chain, material handling, Marine Corps Logistics Command, Marine Forces Storage Center, Marine 
Force Storage Center, MFSC
MODELING AND SIMULATION WARGAMING TOOL 
FOR NAVY STAFF OFFICER TRAINING
Daniel L. Cain, Commander, United States Navy
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Jeffrey A. Appleget, Department of Operations Research
Co-Advisor: Perry L. McDowell, MOVES Institute
We investigated utilizing serious games to train officers on Navy operational staffs, such as carrier strike groups 
(CSGs), destroyer squadrons (DESRONs), and amphibious squadrons (PHIBRONs). Such staffs are composed 
of officers from different warfare communities, such as aviation, submarines, and surface warfare. Most have 
not served on such a staff before and have limited familiarity with the inner workings and responsibilities of 
their command. We reviewed the current standards of training and serious games usage, and designed an ex-
periment to determine whether serious games could provide a statistically significant improvement in training 
transfer for deployable staff officers compared to traditional methods of training. The experiment group was 
composed of West-Coast watchstanders. They played two different scenarios on two separate gaming appli-
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cations for a total of four sessions. We compared performances between the experimental group and control 
group using a pre-test and a post-test given after the training. We also conducted another test one month later 
to see if a difference existed in long-term retention. The control group was enrolled in the joint maritime tactics 
course, using classroom lectures administered by Tactical Training Group, Atlantic. Small sample size merited 
nonparametric statistics usage, which increased the difficulty of obtaining significant results. Only one test 
produced a significant outcome, but the results feed into demand for future work.
See full thesis text: https://calhoun.nps.edu/handle/10945/62812
Keywords: modeling and simulation, wargaming, serious games
DEVELOPING A SCALED PERFORMANCE EVALUATION MEASUREMENT 
SYSTEM TO EVALUATE MARINE PERFORMANCE
This paper has been recognized as outstanding by its department.
Garrett A. Loeffelman, Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Glenn A. Hodges, MOVES Institute
Co-Advisor: Meghan Q. Kennedy Cortez, Department of Operations Research
Training developers lack methods for determining the benefits of integrating live, virtual, and constructive 
(LVC) training. This study defined and tested a scaled performance evaluation measurement system (SPEMS) 
to be used across tasks. We used the buddy rush task to test SPEMS and compare it to the current “Go/No Go” 
performance evaluation checklist (PECL). We developed SPEMS in three steps: we convened focus groups to 
establish 5-level behaviorally anchored rating scales (BARS); confirmed SPEMS reliability using subject-matter 
expert (SME) virtual video analysis; and empirically tested SPEMS’ predictive capability in an operational 
environment. Suitable inter-rater reliability was found for BARS (87% agreement) and SPEMS (Cronbach’s 
Alpha 0.93 to 0.98). Percent exposure was selected by SMEs as the objective measure of buddy rush perfor-
mance. Fifty-two trainees (26 pairs) were evaluated using a PECL and SPEMS at three time points. The results 
showed that SPEMS has a moderate, negative, linear relationship with percent exposure at an R2 = 0.41/0.40. 
Conversely, PECL has a weak, slightly negative linear relationship with percent exposure at an R2 = 0.03/0.2. 
We reject the null hypotheses and conclude that SPEMS scores are significantly related to percent exposure 
and have more predictive strength than PECL scores. These findings demonstrate a verifiable, repeatable, and 
reliable potential solution to the problem of measuring military task performance across training solutions.
See full thesis text: https://calhoun.nps.edu/handle/10945/62718
Keywords: evaluation; human performance; LVC; live, virtual, and constructive; metrics; operational environ-
ment; proficiency; readiness; return on investment; training
ADVANCED TERRAIN REASONING AND AUTOMATED MANEUVER PLANNING
This paper has been recognized as outstanding by its department.
Peter Severson, Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Imre L. Balogh, MOVES Institute
Second Reader: David Reeves, MOVES Institute
Combined Arms Analysis Tool for the 21st Century (COMBATXXI) is the primary analytical combat simula-
tion tool used by the Marine Corps’ Operations Analysis Directorate (OAD) and The Research Analysis Center 
(TRAC) under the new U.S. Army Futures Command (AFC). While the simulation has considerable capabili-
ties and has been used for diverse studies, it has two major shortcomings that can be addressed by innovative 
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model development techniques. The first weakness of COMBATXXI at the scenario development level is ma-
neuver planning. An entity’s maneuver is completely scripted by scenario developers. This is a time-consuming 
process that varies in realistic accuracy based on the developers’ expertise and experience. Advanced terrain 
reasoning in COMBATXXI could enhance dynamic decision making by simulated entities, improve analysis 
of combined arms operations, and shorten the scenario development time. The second weakness is prototyp-
ing and testing new behaviors in COMBATXXI. This is a difficult process that can be improved by using a 
simplified surrogate environment. This thesis took one step toward addressing both shortcomings by develop-
ing a prototype maneuver planner in a surrogate environment (WOMBATXXI/Unity3d Game Engine) using 
an advanced terrain reasoning approach, testing the planner output through a simple face validity process of 
examining the realism and simplicity of the plans, and demonstrating the planner output over five distinct 
scenarios.
See full thesis text: https://calhoun.nps.edu/handle/10945/62714
Keywords: terrain reasoning, maneuver planning, tactical position selection, artificial intelligence, COM-
BATXXI, Combined Arms Analysis Tool for the 21st Century, modeling, simulation, WOMBATXXI
INTEGRATION OF CONSTRUCTIVE SIMULATIONS TO LOGISTICS 
COMMAND AND CONTROL TRAINING DESIGN AND EXECUTION
This paper has been recognized as outstanding by its department.
Lora Thomerson, Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Imre L. Balogh, MOVES Institute
Co-Advisor: Christian R. Fitzpatrick, Computer & Information Programs Office
This research was conducted to examine the potential for constructive simulation to increase the efficiency at 
which logistics command and control (C2) training objectives are achieved. As a continuation of the “Integra-
tion of Simulated Logistics Information and Information Technology Tools in Support of Marine Corps Simu-
lated Exercises” thesis by E. Conard in 2018, this research conducts practical application testing of Conard’s 
conclusions. Five analyses were conducted on three Department of Defense simulations to determine the utility 
of individual or federated systems in logistics C2 training. The Marine Air Ground Task Force (MAGTF) Tac-
tical Warfare Simulation (MTWS), the Joint Conflict and Tactical Simulation (JCATS), and the Joint Deploy-
ment Logistics Model (JDLM) were evaluated individually, and as federated systems with MTWS connected 
to JDLM and JCATS connected to JDLM. Gap analysis methodology was used to examine the Marine Corps 
Logistics Operations Group (MCLOG) logistics C2 training design, identify limitations, and determine where 
constructive training tools can be used to enhance training. The analyses resulted in the recommendation that 
MCLOG incorporate JDLM into the current training design via a high level architecture (HLA) federation 
with MTWS. The recommended configuration accounts for ease of integration, the fidelity of logistics data 
generated by the simulations, and the capability of the configuration to support simultaneous training of logis-
tics components across the MAGTF.
See full thesis text: https://calhoun.nps.edu/handle/10945/62721
Keywords: constructive simulation, federation, Marine Air Ground Task Force Tactical Warfare Simulation, 
MTWS, Marine Air Ground Task Force, MAGTF, Joint Conflict and Tactical Simulation, JCATS, Joint 
Deployment Logistics Model, JDLM, logistics, command and control, C2, training, high level architecture, 
HLA
100
MODELING, VIRTUAL ENVIRONMENTS, AND SIMULATION
SEABED INFRASTRUCTURE DEFENSE ANALYSIS
Asaf Berger, Major, Israel Defence Forces 
Master of Science in Engineering Science (Electrical Engineering)
Ben Muwei Bey, Major, Republic of Singapore Air Force 
Zhaolin Chen, Major, Republic of Singapore Air Force 
Master of Science in Electrical Engineering
Brian J. Newgren, Lieutenant Commander, United States Navy 
Cheng Qian Lee, Captain, Singapore Army 
Jun Xian Jeremy Yee, Major, Singapore Army 
Kang Hao Tan, Major, Republic of Singapore Air Force 
Master of Science in Systems Engineering
Dolph E. Eich Jr., Lieutenant, United States Navy 
Francische N. Antonio, Lieutenant, United States Navy 
Jared C. Asmus, Lieutenant, United States Navy 
Jie Ren Kui, Major, Republic of Singapore Air Force 
Master of Science in Combat Systems Technology
John N. Morgan, Lieutenant, United States Navy 
Joseph E. Hanacek, Lieutenant, United States Navy 
Scott S. Constantine, Lieutenant, United States Navy 
Master of Science in Systems Engineering Analysis
Jian Ming Chew, Captain, Singapore Army 
Master of Science in Engineering Systems
Kevin M. Wheeler, Major, United States Marine Corps 
Kyle Belcher, Lieutenant, United States Navy 
Master of Science in Operations Research
Ronghua Shi, Civilian, Ministry of Defense, Singapore 
Xi Yang Ronald Se, Civilian, Ministry of Defense, Singapore  
Master of Science in Computer Science
Weiwen Mervyn Lian, Civilian, Ministry of Defense, Singapore 
Master of Science in Modeling, Virtual Environments, and Simulation
Wilson L. Rydalch, Lieutenant Junior Grade, United States Navy 
Master of Science in Mechanical Engineering
Advisor: Paul T. Beery, Department of Systems Engineering 
Co-Advisor: Michael P. Atkinson, Department of Operations Research
Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767
Keywords: seabed warfare, unmanned underwater vehicle, UUV, agent-based modeling, undersea infrastructure 
defense
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MOBILE AD-HOC NETWORKS (MANET) IN SHIPBOARD AND 
SHIP-TO-SHIP ENVIRONMENTS ENABLING AUGMENTED 
REALITY DEVICES FOR EMERGENCY MEDICAL CARE
Raza P. Beg, Lieutenant, United States Navy
Ulrick C. Codrington Jr., Lieutenant, United States Navy
Master of Science in Network Operations and Technology
Advisor: Alex Bordetsky, Department of Information Sciences
Second Reader: Steven J. Mullins, Department of Information Sciences
This thesis researches mobile ad-hoc network (MANET) configurations for the utilization of augmented reality 
devices in shipboard or ship-to-ship environments. The intent of this research is to discover necessary network 
requirements and equipment configurations within a MANET necessary to operate augmented reality devices 
capable of supporting communication between hospital corpsmen and physicians engaged in emergency care 
during shipboard or ship-to-ship operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62795
Keywords: mixed reality, MANET, mobile ad-hoc networks, augmented reality, shipboard, ship-to-ship, Hololens
SHORT-TERM SELF-MOVING TACTICAL NETWORKS IN AUSTERE ENVIRONMENTS
Beverly A. Crawford, Lieutenant Commander, United States Navy
Inna Stukova, Lieutenant, United States Navy
Master of Science in Network Operations and Technology
Advisor: Alex Bordetsky, Department of Information Sciences
Second Reader: Steven J. Mullins, Department of Information Sciences
U.S. Special Operations forces require secure and reliable network communications for Command and Control 
(C2) when operating in austere environments, such as enemy combatant or disaster relief operations. During 
these operations, current communication procedures present a significant risk to network operators who must 
be physically present to construct tactical networks. An extensive amount of research has been conducted utiliz-
ing unmanned ground, air, and surface vehicles to extend communication links; however, unmanned systems 
generally require direct human interaction at a close range for network configuration and control. This research 
examines methods to increase the standoff distance for network operators working in hazardous environments 
by employing unmanned systems and communications equipment in the construction and deployment of a 
self-moving network infrastructure. Through several phases of experimentation, we demonstrate that selected 
unmanned ground vehicles and communications equipment can be successfully integrated to construct and 
mobilize tactical networks for special operations teams.
See full thesis text: https://calhoun.nps.edu/handle/10945/62794
Keywords: mesh networking, directional antennas, self-aligning antennas, tactical network, unmanned 
vehicles, direction finding, self-moving nodes, control link, software-defined radios.
MASTER OF SCIENCE  
IN  
NETWORK OPERATIONS AND TECHNOLOGY
102
NETWORK OPERATIONS AND TECHNOLOGY
ARTIFICIAL INTELLIGENCE APPLICATIONS FOR AUTOMATED BATTLE 
MANAGEMENT AIDS IN FUTURE MILITARY ENDEAVORS
Geoffrey B. Grooms, Lieutenant, United States Navy
Master of Science in Network Operations and Technology
Advisor: Douglas J. MacKinnon, Department of Information Sciences
Second Reader: Bonnie W. Johnson, Department of Systems Engineering
This thesis seeks to study artificial intelligence (AI) technologies that can improve decision-making in com-
plex military tactical environments. Tactical environments can become highly complex in terms of threats, 
the tempo of events, the element of surprise or unexpected events, the limits of battlespace awareness, and the 
potential deadly consequences. This type of environment translates into a highly challenging decision space for 
tactical warfighters. Tactical decision-making tasks quickly surpass the cognitive abilities of humans in terms 
of identifying decision options, weighing the relative value of numerous options, calculating the predictive suc-
cess of options, and performing these tasks under extremely short timeliness. The Navy has identified the need 
to develop automated battle management aids (ABMA) to support human decision-makers. The concept is for 
ABMAs to process large amounts of data to develop battlespace knowledge and awareness and identify and 
prioritize warfare resource and course of action options. Recent developments in AI methods show promise as 
a critical enabler of ABMAs to support tactical decision-making. This thesis studies AI methods with an objec-
tive of identifying specific applications to the realm of tactical decision-making.
See full thesis text: https://calhoun.nps.edu/handle/10945/62722
Keywords: artificial intelligence, AI, machine learning, battle management aids, automated battle manage-
ment aids, ABMA, deep analytics, combat identification, common tactical picture, system of systems
UNCLASSIFIED MARITIME DOMAIN AWARENESS: RESULTS 
OF AT SEA EXPERIMENTATION DURING SEACAT ’18
Daniel Minter, Lieutenant, United States Navy
Kristopher E. Sousa, Lieutenant Commander, United States Navy
Master of Science in Network Operations and Technology
Advisor: Dan C. Boger, Department of Information Sciences
Second Reader: Scot A. Miller, Department of Information Sciences
The purpose of this thesis is to conduct and observe experimentation, using the unclassified Common Operat-
ing Picture tool SeaVision, in conjunction with the Surveillance, Persistent Observation and Target Recogni-
tion (SPOTR) program created by Progeny. These systems together will utilize unclassified satellite imagery 
to detect, classify and identify vessels at sea using computer vision (CV) algorithms. The CV algorithms use 
imagery of vessels of interest (VOI) to create a three-dimensional model that is used to detect and identify ves-
sels in the satellite imagery. Images and information regarding these vessels were gathered from unclassified 
sources for analysis and building of the three-dimensional models. The information-gathering process would 
benefit from infusion or access to intelligence information for building image libraries of VOI. The technology, 
while still maturing, shows potential for implementation in various facets onboard surveillance platforms and 
unmanned surface and air vehicles.
See full thesis text: https://calhoun.nps.edu/handle/10945/62799
Keywords: maritime domain awareness, MDA, SeaVision, computer vision, Southeast Asia Cooperation and 
Training, SEACAT
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MEDICAL BIOSENSORS CONNECTED TO A SOFTWARE 
PLATFORM IN AN AUSTERE ENVIRONMENT
Kobie R. Smith, Lieutenant, United States Navy
Master of Science in Network Operations and Technology
Advisor: Alex Bordetsky, Department of Information Sciences
Co-Advisor: Steven J. Mullins, Department of Information Sciences
In this thesis, we evaluate the integration of commercial-off-the-shelf (COTS) physiological biosensors with 
a software platform application, Battlefield Assisted Trauma Distributed Observation Kit (BATDOK), in a 
field environment using a Mobile Ad Hoc Network (MANET). Navy corpsmen, while deployed with the 
Marine Corps, can expect to find themselves in an austere or network-contested environment with limited 
network capability. They may need to monitor more than one casualty at a time and relay the information to 
a higher echelon of care in real time. The 2016 Marine Corps Operating Concept states to “take advantage of 
commercial-off-the-shelf (COTS) network and data solutions” and to “operate with Resilience in a Contested-
Network Environment.” Research was performed iteratively, from selection and configuration of equipment, 
biosensors, and software to field experiments with various objectives. The quantitative analysis of the experi-
ment data showed that the use of a MANET worked well to transmit data in an austere and network-contested 
environment. Based on this research, it was found that BATDOK is a feasible solution to capture patient data 
from COTS biosensors, but additional experimentation must be completed with more biosensors and different 
operational environments to determine its true efficacy during military operations in which corpsmen may find 
themselves.
See full thesis text: https://calhoun.nps.edu/handle/10945/62791
Keywords: Mobile Ad Hoc Network, MANET, self-healing, self-forming, mesh network, tactical network, 





Howard J. Barrow III, Major, United States Army
Master of Science in Operations Research
Advisor: David L. Alderson Jr., Department of Operations Research
Co-Advisor: Daniel Eisenberg, Department of Operations Research
Second Reader: Jeffrey A. Appleget, Department of Operations Research
Network flow problems can be used to address any of the phases of the military joint operation model, but they 
do a poor job with the transition from interdiction to restoration activities. Previous research identifies methods 
to find the best- and worst-case scenarios for a given network, but do not show how interdiction activities affect 
restoration activities (or vice versa) and/or how we can make sense of these interactions in military planning. 
We develop a method of metagraph analysis to study various performance thresholds in a flow network and 
identify ways to interdict and restore systems not previously discussed in the literature. The presence of states 
not identified by traditional network flow problems indicates that, from an operational planning perspective, 
alternatives exist that may improve the attack and defense of a flow network. This result suggests that tradi-
tional interdiction and restoration methods prescribe only a subset of joint operational activities, and military 
operations would benefit from expanding analysis to consider more options. We define at least two ways to 
identify these options and conclude that there are system states not identified by traditional methods that can 
inform new ways to shape flow networks for military operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62705
Keywords: network, interdiction, critical threshold
ANOMALY DETECTION USING A VARIATIONAL AUTOENCODER 
NEURAL NETWORK WITH A NOVEL OBJECTIVE FUNCTION AND 
GAUSSIAN MIXTURE MODEL SELECTION TECHNIQUE
Brandon Bowman, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Matthew Norton, Department of Operations Research
Second Reader: Jonathan K. Alt, The Research and Analysis Center
Anomalies in data often convey critical information that can be leveraged in a variety of applications. For the 
military engaged in combat, this can amount to identifying threats early and preserving a lethal edge over an 
adversary. In other more benign cases it can corrupt data integrity and lead to ineffective application of other 
data analysis techniques. To tackle the problem of anomaly detection, there are several common methods pro-
vided in statistics and machine learning literature, including variational autoencoders (VAEs). Using a VAE, we 
develop a novel objective function to improve its performance detecting anomalies. Additionally, we introduce 
a modeling pipeline that works in the fully unsupervised context, where one does not know the true proportion 
of anomalies present in the data. To construct this pipeline, we fit reconstruction errors using a Gaussian mix-
ture model (GMM) and select the model whose characteristics best match our performance metrics. Using our 
approach, we observe an increase in anomalies detected against a standard objective function, and we measure 





an average improvement of 0.4021 in F1 scores. We show our findings using four labeled benchmark data sets 
and apply our conclusions on an open-source, unlabeled data set taken from USASpending.gov.
See full thesis text: https://calhoun.nps.edu/handle/10945/62853
Keywords: anomaly detection, neural networks, variational autoencoder, VAE, Gaussian mixture model, 
GMM
PREDICTING U.S. ARMY ENLISTED ATTRITION AFTER INITIAL 
ENTRY TRAINING USING SURVIVAL ANALYSIS
Aaron L. Devig, Captain, United States Army
Master of Science in Operations Research
Advisor: Lyn R. Whitaker, Department of Operations Research
Second Reader: Anthony D. Smith, The Research and Analysis Center
For the first time since 2005, the U.S. Army fell short of its recruiting goal in 2018 by about 6,500 recruits. A 
strong economy and an increasing pool of recruit candidates who require a waiver to enlist add to the Army’s re-
cruitment troubles. Mental health issues, obesity, and other medical issues have become barriers that disqualify 
recruits from enlisting. For those who are eligible, they complete a training period called Initial Entry Training 
(IET). After finishing IET, many soldiers do not finish their first-term service obligation. This research contin-
ues the research conducted by Speten (2018) on post-IET attrition, with the added benefit of having medical 
data available in the Person-Event Data Environment (PDE), a secure, virtual environment with a database that 
provides information on manpower, service, personnel, and medical data. Currently, no research has been con-
ducted that uses detailed medical information to predict post-IET attrition. To estimate the expected number 
of soldiers who attrite at a specific time post-IET and prior to the end of their first-term obligation, we construct 
survival tree models using time-varying and time-constant covariates. We find several medical covariates that 
are important in forecasting attrition including dental readiness and hearing readiness. The effectiveness of the 
models is assessed on independent test sets. They perform well in predicting expected number of attrition, but 
not in predicting individual soldier attrition.
See full thesis text: https://calhoun.nps.edu/handle/10945/62725
Keywords: Army, enlisted, attrition, survival analysis, machine learning, medical data, predict, survival trees, 
Person-Event Data Environment, PDE
AN OPTIMIZATION-BASED APPROACH TO MEASURING 
ROBUSTNESS IN COMMAND AND CONTROL NETWORKS
Daniel O. Diaz, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: David L. Alderson Jr., Department of Operations Research
Second Reader: Daniel Eisenberg, Department of Operations Research
This thesis frames command and control (C2) design as a type of assignment problem involving tasks, missions, 
resources, and teams. We formulate and solve a sequence of four different optimization problems that assign 
resources to tasks, missions to teams, tasks to missions, and resources to teams. Our models are based on the 
assumption that any resource can execute any task; however, the cost for a resource to execute a task depends 
on the suitability of the resource for that task. An optimal assignment is one that leaves the fewest missions 
and tasks incomplete while also yielding the lowest execution cost. We characterize the type of work required 
by a task in terms of a functional requirement, and we characterize the capability of a resource in terms of its 
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resource specialization (e.g., Military Occupational Specialty). We also include nonlinear effects based on the 
interactions within a team and across a mission. Our goal is to understand the performance effects of optimal 
teams on the organizational architecture of a C2 network. We find optimal teaming and C2 architecture for a 
given mission is dependent on problem-specific information such as task requirements, resource specializations, 
force organization, mission needs, allowed computational time, and data availability.
See full thesis text: https://calhoun.nps.edu/handle/10945/62726
Keywords: command and control, C2, teams of teams, assignment, robustness, organizational architecture, 
force structure, Python, PYOMO, CPLEX
DATA FARMING THE MARINE CORPS’ READINESS AND AVAILABILITY TOOL
This paper has been recognized as outstanding by its department.
Kevin J. Doherty, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas W. Lucas, Department of Operations Research
Second Reader: Mark A. Raffetto, Department of Operations Research
The 2018 National Defense Strategy describes the worldwide threat environment as one in which our military 
advantage is eroding and where interstate competition is now the most prevalent threat. Reducing the time 
needed to deploy forces to counter these threats is essential to national security. A key enabler of this is the 
operational readiness of the force. The Marine Corps’ Readiness and Availability Tool (RAT) provides insight 
to Marine Corps leadership on the effects of readiness policies and world events on operational readiness. This 
thesis uses large-scale simulation and design of experiments to methodically explore the dynamic interactions 
of the RAT and provide insight on the key factors, critical readiness decision thresholds and model interactions. 
Analysis of 1200 simulated readiness timelines highlights the critical importance of not focusing on any one 
aspect of readiness planning, but rather considering the interactions between force structure, deployment-de-
mand, and force-generation-timeline decisions when developing a force-wide readiness strategy for the Marine 
Corps. Home-station readiness levels were found to be deficient as a stand-alone metric of success for tracking 
the Marine Corps’ readiness capacity to meet demand. The author used a multiple-objective analysis to better 
understand readiness capacity by exploring the trade-off between the level of home-station readiness main-
tained and the quantifying metric, risk of deploying non-ready forces.
See full thesis text: https://calhoun.nps.edu/handle/10945/62851
Keywords: operational readiness, large-scale simulation, design of experiments
TACTICAL UNMANNED AERIAL SYSTEM CAPABILITIES IMPACT ANALYSIS  
IN SUPPORT OF THE EXPEDITIONARY MARINE AIR GROUND TASK FORCE  
USING COMPUTER MODELING AND SIMULATION
Joshua Gordon, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Susan M. Sanchez, Department of Operations Research
Second Reader: Raymond R. Buettner Jr., Department of Information Sciences
The Marine Corps of the future is one that will increasingly rely on unmanned aerial systems (UASs) integrat-
ing directly with Marines’ fire and maneuver. As UAS technology evolves, so, too, should the Marine Corps’ 
understanding and utilization of this technology in an increasingly complex operation environment evolve. The 
most powerful measure of effectiveness for the operational contributions of UASs is in Marine lives that the 
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UAS helps to preserve. This research uses design of experiments principles and computer modeling to simulate a 
Marine Expeditionary Unit (MEU) conducting an amphibious assault against a peer-level adversary. Through a 
series of increasingly refined and focused experiments, a wide variety and range of UAS capabilities are explored 
to determine their impact on the Marines of that MEU. UAS capabilities explored include speed, stealth, air-
to-ground missiles, ground support capability, and more. Through this analysis, sensor range and the number 
of UASs employed simultaneously are determined to be the most important UAS attributes in saving Marine 
lives. These factors are found to be more significant than armament, airspeed, stealth, or rate of detection.
See full thesis text: https://calhoun.nps.edu/handle/10945/62855
Keywords: unmanned, unmanned aerial system, UAS, simulation, USMC, United States Marine Corps, Ma-
rine Corps, tactical, Marine Air Ground Task Force, MAGTF, expeditionary, data farming, design of experi-
ments, amphibious assault, MANA, agent-based
COMPARING NAVAL-INVENTORY FILL RATES  
FROM COMPOSITE AND REPAIR-AND-PROCURE  
SUPPLY SYSTEMS THROUGH DISCRETE EVENT SIMULATION
Brian H. Hays, Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Emily M. Craparo, Department of Operations Research
Co-Advisor: Javier Salmeron-Medrano, Department of Operations Research
Second Reader: Kevin J. Maher, Department of Operations Research
Naval Supply Systems Command Weapon Systems Support currently uses Distributed Requirement Planning 
(DRP) to generate repair and procurement quantity recommendations for Supply Class IX repair parts. In an 
effort to provide an optimization-based method for making wholesale inventory decisions, a mixed integer 
linear optimization program termed Wholesale Inventory Optimization Model (WIOM) was developed as an 
alternative to existing tools. In its current form, however, WIOM does not explicitly consider the repair cycle 
for those national item identification numbers that may be either procured or repaired. The thesis develops a 
next-event, discrete-event inventory simulation model, which we term Comparative Replenishment Stream 
Simulation (COMPRESS) to compare the effects of having two supply streams with differing lead times ver-
sus what we commonly see in a single supplier stream. With WIOM strictly considering a “composite” supply 
stream, the determination needs to be made if the disparity between inventory systems that utilize either a 
composite or repair-and-procure supply stream is great enough to warrant a WIOM reformulation. We select 
fill rate as the performance metric to compare these inventory systems. Through COMPRESS we find that 
there is considerable difference in the resulting fill rates. Additionally, we find that as the variability in demand 
and lead time increases, the difference in the resulting fill rate values increases as well.
See full thesis text: https://calhoun.nps.edu/handle/10945/62749




FORECASTING ARMY RESERVE OFFICER TRAINING CORPS 
COMMISSIONS USING MACHINE LEARNING TECHNIQUES
Daniel R. Hudalla, Major, United States Army
Master of Science in Operations Research
Advisor: Robert A. Koyak, Department of Operations Research
Second Reader: Robert L. Bassett, Department of Operations Research
The U.S. Army Cadet Command (USACC) produces about two-thirds of the Army officer corps in any given 
year. The command currently forecasts commissions 24 months before the completion of a fiscal year despite 
limited ability to influence production within this timeframe. Consequently, USACC must make recruiting 
decisions to shape its cohorts at least six months before current forecasts begin. This study explores the use of 
statistical machine learning models to forecast the number of currently enrolled cadets who will commission 
in a cohort nearly three years out. The developed forecasts can be used to determine the number of new cadets 
USACC must recruit to accomplish future recruiting missions. We find that a machine learning model can 
identify predictors that increase or decrease the likelihood of commissioning, and offer insight related to schol-
arship and contracting policies based on model outputs.
See full thesis text: https://calhoun.nps.edu/handle/10945/62728
Keywords: forecasting, attrition, cadets, ROTC, U.S. Army Cadet Command, USACC, commission, 
machine learning, random forest
USING NEURAL NETWORKS IN CONSTRAINED OPTIMIZATION PROBLEMS
Jan Lim, Major, Australian Army
Master of Science in Operations Research
Advisor: Matthew Norton, Department of Operations Research
Second Reader: Lyn R. Whitaker, Department of Operations Research
Neural Network (NN) models are typically set up as unconstrained optimization problems with a single ob-
jective. However, with NNs seeing widespread adoption across a variety of decision systems, there has been a 
growth in the need to produce NN models that satisfy important system-specific performance constraints in 
addition to their primary objective. We consider binary classification in which one must tightly control the false 
alarm rate while minimizing the false negative rate. Formulating and training NN models in a constrained set-
ting is challenging since most constrained optimization algorithms are not well suited for this setting because 
the constraint and objective functions are nonconvex, stochastic, and involve potentially millions of param-
eters. We utilize a new variation of Stochastic Gradient Descent (SGD) called Cooperative-Stochastic Gradient 
Descent (C-SGD) in an attempt to solve this challenging optimization problem. Application of the C-SGD 
algorithm is not straightforward, and we explore the effect of its many hyperparameters on performance and 
efficiency. Overall, we find that C-SGD can be made effective with the right choice of hyperparameters.
See full thesis text: https://calhoun.nps.edu/handle/10945/62729
Keywords: neural networks, NN, binary classification, hinge loss, buffered probability, stochastic gradient 
descent, SGD, Neyman-Pearson, false positive, false negative, constrained optimization, machine learning
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NETWORKED LOGISTICS: TURNING THE  
IRON MOUNTAIN INTO AN IRON NETWORK
Gregory E. Lynch, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Susan M. Sanchez, Department of Operations Research
Second Reader: Mark A. Raffetto, Department of Operations Research
The current Marine Corps logistics structure distributes resources from a central point commonly known as 
the “Iron Mountain” to combat units throughout the battlespace. The Iron Mountain presents a substantial 
target for adversaries with precision-guided weapons or large-scale attack capabilities. This study explores the 
effects of replacing the Iron Mountain with a distributed network of mobile logistics support nodes. This “Iron 
Network” creates a smaller unpredictable target that is harder to locate while still providing logistics support to 
combat units. We create a simulation model to explore the factors affecting the resupply capabilities of an Iron 
Network and Iron Mountain in terms of time for service, unfulfilled requests, and resource requirements. The 
major findings of the modeling and simulation analysis indicate that this Iron Network structure is possible, 
but it requires some specific enablers. Asset and supply level visibility across the network are critical for success, 
as is responsive global logistical support. The best response times occur when vehicle utilization remains below 
40%. Given enough vehicles and an accurate picture of the network’s resources, the Iron Network proves to be 
79% faster than the Iron Mountain, while using 22% less vehicles and associated fuel and leaving 94% fewer 
requests unfulfilled.
See full thesis text: https://calhoun.nps.edu/handle/10945/62709
Keywords: logistics, network, distributed, Marine Corps, discrete event simulation, DES, modeling, Ruby, 
object-oriented programming, OOP, design of experiments, DOE, Iron Mountain, Iron Network, data farm-
ing, survivability, resiliency, efficiency, responsive, maintenance, vehicles, supplies, enemy
ESTIMATING VARIABILITY IN THE IMPLEMENTATION COST GROWTH OF 
MILITARY BASE REALIGNMENTS AND CLOSURES USING HISTORIC DATA
Sarah A. Martin, Captain, United States Army
Master of Science in Operations Research
Advisor: Robert F. Dell, Department of Operations Research
Co-Advisor: Gregory K. Mislick, Department of Operations Research
Second Reader: Samuel E. Buttrey, Department of Operations Research
The Department of Defense (DoD) periodically conducts a Base Realignment and Closure (BRAC) round to 
improve the stationing of its force structure, eliminate excess infrastructure, and attain cost savings. The most 
recent BRAC round in 2005 far exceeded its estimated cost to implement; in a 2012 report, the Government 
Accountability Office reported that the 2005 BRAC implementation cost grew from the original estimate by 
67%. The DoD requires an improved cost estimate and understanding of inherent uncertainty. Using data 
from 58 observations of BRAC 2005 recommendations, this thesis examines trends in cost growth. The thesis 
does not find any statistically significant differences in cost increases among subsets of data analyzed by type 
of DoD recommending agency, presence of Commission amendments, BRAC action complexity, or size of 
estimate. Variation in implementation cost growth is mildly narrower for BRAC actions that were amended by 
the Commission and for actions that were more complex. The analysis detects a bias in estimating large BRAC 
actions, which indicates a systematic hesitancy or inability to fully estimate the most expensive BRAC actions. 
The distribution of BRAC 2005 actions’ cost increases is used to inform an improved, three-point estimate for 
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future BRAC rounds. Under conditions comparable to BRAC 2005, this thesis shows that the true mean of fu-
ture BRAC actions’ cost increases may be expected to be 93% with a 95% confidence interval of [57%, 129%].
See full thesis text: https://calhoun.nps.edu/handle/10945/62797
Keywords: BRAC, Base Realignment and Closure, cost estimation, cost growth, military construction, MIL-
CON, Computer Optimized Batch Reconciliation Application, COBRA, BRAC 2005, S-curve, cost estima-
tion bias
AN ANALYSIS OF THE MARINE CORPS DEPOT-LEVEL 
MAINTENANCE BUDGETING MODEL
Thomas P. McKavitt III, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas W. Lucas, Department of Operations Research
Second Reader: Matthew T. Geiser, Operations Analysis Program Office
The Marine Corps relies on advanced ground equipment that requires significant depot-level maintenance to 
extend its life cycle. However, Marine Corps budgets continue to be strained, and every dollar counts. There-
fore, the Marine Corps Logistics Command has a vested interest in optimizing its budget to provide the best 
possible support to the warfighter. The Repair Optimization Materiel Evaluator (ROME) model is used to as-
sist in creating repair plans. Using data-farming software designed specifically for this thesis and advanced de-
sign of experiments, the ROME model was run more than 2,000 times with specific, traceable, and repeatable 
changes made to the inputs each time. The outputs from these runs were analyzed to determine the model’s ef-
ficacy. Analysis determined that the model’s reliance on warfighting values and small penalty terms has created 
a bias toward allocating funds for high-density, low-cost items with low warfighting values at the expense of 
items with much higher warfighting values. Specifically, if monies were allocated only according to the ROME 
model, it would default to fixing thousands of M-16 rifles and rifle optics and very few, if any, large pieces of 
equipment such as tanks. Based on the findings from this thesis, it is recommended that ROME’s objective 
function be reformulated or calculation of warfighting values be changed. The new data-farming capabilities 
will allow testing these modifications as well as enable advanced analysis with ROME.
See full thesis text: https://calhoun.nps.edu/handle/10945/62828
Keywords: Marine Corps Logistics Command, depot maintenance, Logistics Command, LOGCOM, simula-
tion, Repair Optimization Materiel Evaluator model, ROME model, Marine Corps, logistics, maintenance, 
data farming, SEED Center for Data Farming
PIECEWISE-AFFINE CLASSIFIERS IN SUPPORT VECTOR MACHINES
Matthew T. Miller, Major, United States Marine Corps
Master of Science in Operations Research and Master of Science in Applied Mathematics
Advisor: Johannes O. Royset, Department of Operations Research
Co-Advisor: Arthur J. Krener, Department of Applied Mathematics
Second Reader: Matthew Norton, Department of Operations Research
The Support Vector Machine (SVM) model has been a topic of study for over twenty years, and novel ap-
proaches to the classification problem using SVM continue to be established. In this work, we develop a new, 
nonlinear version of SVM based on a piecewise-affine classifier. This class of classifiers constitutes a tractable 
class beyond the affine functions that enables approximation of nonparametric SVM in high dimensions. We 
solve the resulting Piecewise-Affine SVM (PA-SVM) model using the Difference-of-Convex Algorithm (DCA) 
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and a stochastic gradient descent (SGD) algorithm. The PA-SVM model is nonconvex, and the algorithms 
generally only provide locally optimal solutions. Still, they provide for a robust, capable classifier. Results show 
that by using DCA, the PA-SVM model can significantly reduce training misclassifications relative to the 
common Affine SVM (A-SVM) model by as much as 92%. Additionally, we show that test set errors can be 
reduced by as much as 67% compared to A-SVM. We find that solutions are more affected by the number of 
pieces employed rather than by regularization penalties. These results come from applying the PA-SVM model 
to three real-world data sets whose total features range from 16 to 41 and whose total observations range from 
194 to 1,553.
See full thesis text: https://calhoun.nps.edu/handle/10945/62730
Keywords: optimization, classification, piecewise-affine, difference of convex, Difference-of-Convex Algo-
rithm, DCA, Support Vector Machine, SVM, stochastic gradient descent, SGD, nonconvex, nonlinear
OPTIMIZATION OF THE FORCE GENERATION PROCESS 
OF MARINE CORPS INFANTRY BATTALIONS
Joseph E. Moeller, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Ruriko Yoshida, Department of Operations Research
Second Reader: Robert F. Dell, Department of Operations Research
The Marine Corps’ Force Generation Process (FGP) requires multiple inputs to generate the combat forces 
necessary to accomplish the goals set in the National Defense Strategy (NDS). Current manpower assignment 
methods do not optimize the manning of Marine Corps infantry battalions to ensure maximum training readi-
ness, manning, and deployability under the FGP. This thesis researches manpower trends, personnel timelines, 
deployment manpower levels, and unit deployment timelines of historical infantry battalion data from the Ma-
rine Corps Total Force Data Warehouse (TFDW). The Optimized Assignment Model (OAM), a mixed-integer 
linear program, optimizes manpower assignments in order to minimize the loss of available training days and 
improve unit manpower readiness timelines. Over a four-year time horizon, OAM improves the number of 
available training days for 28 of 31 rank and military occupational specialty (MOS) combinations, a median 
value of 44 additional days prior to deployment. Over the same horizon, OAM reduces the time required for 
infantry battalions to reach their deployable unit strength by nearly 85 days.
See full thesis text: https://calhoun.nps.edu/handle/10945/62856
Keywords: optimization, manpower, force generation, infantry, manning, Marine Air Ground Task Force, 
MAGTF, United States Marine Corps, USMC, personnel, mixed-integer linear program, training, readiness, 
entry level, assignment, deployment, training, data warehouse
STOCHASTIC OPTIMIZATION FOR TROPICAL PRINCIPAL 
COMPONENT ANALYSIS OVER TREE SPACES
Robert L. Page, Major, United States Army
Master of Science in Operations Research
Advisor: Ruriko Yoshida, Department of Operations Research
Second Reader: Michael P. Atkinson, Department of Operations Research
A known challenge in the rapidly growing area of phylogenomics is the lack of tools to analyze the large vol-
ume of genome data. Genomic data includes information on the evolution, structure and mapping of genomes. 
Phylogenetic trees are branching diagrams that show the evolutionary history of species and their genes. Gene 
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trees show the evolutionary history of a particular gene. To analyze evolutionary history from genomic data, 
we reduce the dimensionality of gene trees, overcoming high dimensional analytical challenges. Through the 
vectorization of pairwise distances between each combination of two leaves within a phylogenetic tree, we 
utilize a tropical principle component analysis: a principal component analysis (PCA) in terms of a tropical 
metric. We project gene trees onto a two-dimensional space using a tropical PCA, a tropical convex hull that 
minimizes the sum of residuals between each gene tree in the dataset and its projection onto the tropical convex 
hull over the tree space, which is the set of all possible gene trees. Since computing a tropical PCA for the given 
dataset is computationally time intensive, we implement a Markov Chain Monte Carlo Metropolis-Hastings 
algorithm to effectively and efficiently estimate the tropical PCA. Utilizing simulation and real-world data, we 
implement our tropical PCA algorithm and visualize the results in two-dimensional plots, the results of which 
look promising and demonstrate our algorithm’s strengths.
See full thesis text: https://calhoun.nps.edu/handle/10945/62731
Keywords: phylogenomics, tropical principle component analysis, principle component analysis, PCA, evolu-
tionary trees, tree space, genomics, tropical geometry, Markov Chain Monte Carlo
OPTIMIZING MARINE CORPS INSTALLATION READINESS
This paper has been recognized as outstanding by its department.
Alyssa Renosto, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert F. Dell, Department of Operations Research
Second Reader: Jack Templeton, NPS Energy Academic Group
Marine Corps Installations Command (MCICOM) (enacted in 2012) exercises command and control over 
United States Marine Corps (USMC) installations through regional commanders. The department manages 
over 27,000 buildings and structures across 25 installations. In November 2016, the commandant of the Ma-
rine Corps (CMC) signed the Infrastructure Reset (IR) strategy to fundamentally alter the USMC’s infrastruc-
ture lifecycle management. The intent of this strategy is to optimize the USMC’s assets in order to maximize 
support to operational readiness at minimal lifecycle costs. In this thesis, we develop a quantitative analysis 
and decision support tool in the form of a Mixed Integer Linear Program (MILP) to enable data-driven and in-
formed decisions that best support the operating forces in line with the CMC’s IR strategy. The IR multivariate 
decision tool uses a quantitative framework to summarize, describe, and optimize the USMC’s infrastructure 
portfolio. The tool provides quantitative justification for funding, informs the Program Objective Memoran-
dum (POM), and establishes readiness goals for MCICOM and the subordinate regions and installations. 
Results show that under the current budgetary constraints, MCICOM has little ability to improve installation 
readiness by manipulating its four levers of investment. We find MCICOM requires a budget of roughly one 
and half times its current annual limit to achieve installation readiness levels set forth by the IR strategy.
See full thesis text: https://calhoun.nps.edu/handle/10945/62858
Keywords: optimization, Marine Corps Installations Command, MCICOM, Mixed Integer Linear Program, 
MILP, installation, capital planning, budget
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MULTIVARIATE PROBABILITY DENSITY ESTIMATION 
USING PIECEWISE AFFINE FUNCTIONS
Gabriel M. Samudio, Major, United States Army
Master of Science in Operations Research
Advisor: Johannes O. Royset, Department of Operations Research
Second Reader: Robert A. Koyak, Department of Operations Research
Continuous multivariate data is ubiquitous in U.S. Military Operations Research. Since continuous distribu-
tions are fully characterized by their probability density functions, we concentrate on estimating such func-
tions. Current estimation methods perform well for low dimensions; however, they can be too restrictive to 
capture the actual data characteristics, and can become intractable beyond three dimensions. This work devel-
ops a new estimation technique that seeks to increase flexibility and mitigate the curse of dimensionality. We 
achieve both by modeling the actual density using piecewise affine functions; however, we impose a nonconvex 
maximum likelihood optimization problem. The problem includes nine parameters, which can each affect the 
resulting estimate likelihood value and computation time. We conduct case studies on estimating the density 
for data up to five dimensions on sample sizes as low as 100 points. The results indicate progress in moderating 
the nonconvexity challenge to optimize the likelihood, and demonstrate potential advantages over currently 
used methods.
See full thesis text: https://calhoun.nps.edu/handle/10945/62732
Keywords: maximum likelihood, piecewise affine functions, smooth maximum likelihood problem, relative 
log likelihood
UNINTENDED CONSEQUENCES: UNDERSTANDING THE EFFECTS 
OF CHANGING INFANTRY BATTALION FORCE STRUCTURE ON 
FORCE GENERATION WITH NETWORK OPTIMIZATION
This paper has been recognized as outstanding by its department.
Christopher J. Teska, Captain, United States Marine Corps
Master of Science in Operations Research and Master of Science in Applied Mathematics
Advisor: Ruriko Yoshida, Department of Operations Research
Co-Advisor: Carlos F. Borges, Department of Applied Mathematics
Second Reader: Matthew Norton, Department of Operations Research
This research seeks to understand the balance between Total Force Structure changes and the Force Genera-
tion Process. The Marine Corps must adapt its infantry battalion force structure to maintain an advantage in 
future conflicts. These changes affect not only the number of Marines but also the mix of ranks and specialties 
required to man deploying units. Traditionally, planners utilized mixed-integer linear programs to forecast 
the manpower mix to meet structural requirements. The network flow approach used in this research provides 
a better and faster tool to understand how structural changes will affect the ability to man the service as a 
whole. The model utilizes manpower projections, Tables of Organization, historical deployment schedules, and 
mathematical optimization to produce solutions that maximize infantry battalion readiness while minimizing 
the effect on the supporting establishment. The flexible nature of the model allows decision makers to evaluate 
current and proposed policy in manpower management with respect to its impact on deploying unit readiness. 
The increases in efficiency allow planners to quickly estimate the readiness consequences of new policy. Sensi-
tivity analysis on all constraints delivers insight into possible adjustments to recruiting and retention goals, unit 
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staffing goals, and deployment rhythm. The results of this research are both a high-level evaluation of current 
policy and a set of practical tools to assess proposed changes.
See full thesis text: https://calhoun.nps.edu/handle/10945/62849
Keywords: optimization, Marine Corps, manpower, force generation, infantry, manning, network, assign-
ment, United States Marine Corps, USMC, deployment, dwell, data warehouse, Table of Organization, staff-
ing, total force structure, manning, network optimization, network flow
PAYING FOR WEIGHT IN BLOOD: AN ANALYSIS OF WEIGHT AND PROTECTION 
LEVEL OF A COMBAT LOAD DURING TACTICAL OPERATIONS
This paper has been recognized as outstanding by its department.
Courtney Thompson, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas W. Lucas, Department of Operations Research
Second Reader: Kyle Y. Lin, Department of Operations Research
To gain, retain, or increase an advantage over enemy forces, military leaders have emphasized the importance 
of providing the latest and greatest technology to the warfighter. A common—possibly unintended but ac-
cepted—consequence of this effort is an increased combat load. Unfortunately, there appears to be a profound 
misunderstanding of how an excessive external load reduces the lethality and survivability of warfighters, as 
seen by the significant increase in combat loads over the past two decades. Agent-based simulation is used to 
investigate the effects of combat load weight. This thesis analyzes a scenario in which a 13-Marine rifle squad 
rushes across 100 meters of desert terrain while engaging four enemy fighters in defensive positions. Data ob-
tained from nearly one million simulated firefights reveals that the reduction in speed from carrying an extra 15 
pounds of gear—the difference between the Marine Corps’ fighting and assault loads—results in an additional 
casualty for the squad. Also, if a Marine is moving such that they are at least twice as hard to hit as a stationary 
target, the expected number of squad casualties is reduced from 8.9 to 3.5. It is recommended that a holistic 
approach to weight reduction be implemented in order to reduce the fighting load to under 50 pounds and 
the assault load to under 75 pounds. Military leaders must balance the risk and reward of each piece of gear 
assigned to the combat load; the difference could be life or death.
See full thesis text: https://calhoun.nps.edu/handle/10945/62831
Keywords: personal protective equipment, PPE, agent-based simulation, combat load, external load, infantry, 




OPTIMIZING RESOURCE AUGMENTATION FOR WILDLAND FIRES
This paper has been recognized as outstanding by its department.
Zachary T. Scholz, Ensign, United States Navy
Master of Science in Applied Science (Operations Research)
Advisor: Javier Salmeron-Medrano, Department of Operations Research
Co-Advisor: Robert A. Koyak, Department of Operations Research
Second Reader: Gerald G. Brown, Department of Operations Research
During December 2017, the Los Angeles County Fire Department (LACoFD) responded to an unprecedented 
number of wildland fires spanning thousands of square miles within the county. While most of the fires 
were successfully contained, several caused widespread catastrophic damage. During red flag (high-risk) days, 
LACoFD currently uses augmented staffing, either by moving on-duty equipment and personnel, or mobiliz-
ing those who are off duty to reduce response time. Operational duty chiefs make these augmentation deci-
sions based on current weather conditions and experience. This thesis develops regression models to estimate 
the probability and potential burned acreage of wildland fires in each of 21 sub-areas in the county. Then, a 
budget-constrained optimization model reassigns resources between sub-areas in order to minimize expected 
population displacement due to wildland fire. A comparison of these automated techniques with those manual 
decisions made during December 2017 reveals significant improvements to augmented staffing that can be 
made at a lower cost.
See full thesis text: https://calhoun.nps.edu/handle/10945/62835
Keywords: fire fighters, fire management, optimization, modeling, burn index, augmentation, return on in-
vestment, pre-deployment
ANALYSIS OF BALLISTIC MISSILE DEFENSE STRIKE OPERATIONS USING 
STOCHASTIC SIMULATION MODELING OF A LEFT-OF-LAUNCH NETWORK
Matthew Vogel, Ensign, United States Navy
Master of Science in Applied Science (Operations Research)
Advisor: Devaushi I. Singham, Department of Operations Research
Co-Advisor: Jeffrey E. Kline, Graduate School of Operational and Information Sciences
With the proliferation of hostile theater ballistic missiles (TBMs), the Department of Defense has focused on 
attack operations as a means of ballistic missile defense (BMD). This thesis develops a stochastic simulation of a 
network for analyzing and comparing BMD strike operations. Applying knowledge of mobile launch site pro-
cedures, we construct a TBM left-of-launch network (LLN) model using discrete-event simulation software. 
This comprehensive network models system components from the storage phase, transportation phase, and 
launch phase. The simulation model integrates congestion effects after strikes are executed on the LLN. We 
conduct simulation experiments representing various strike combinations to quantify and compare system met-
rics focused on increasing the delay of TBM launches. We demonstrate BMD strike effectiveness by analyzing 
time-valued metrics such as the mean TBM time in system and mean time to complete launches. Increasing the 
delay in TBM launches grants more time for strategic decision making and prepositioning of retaliatory forces. 
We present this notional model and experimentation method as a guide for determining the best locations for 
BMD strike operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62836
Keywords: discrete-event simulation modeling, ballistic missile defense, BMD, left-of-launch network, LLN, 
theater ballistic missile, TBM
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SEABED INFRASTRUCTURE DEFENSE ANALYSIS
Asaf Berger, Major, Israel Defence Forces 
Master of Science in Engineering Science (Electrical Engineering)
Ben Muwei Bey, Major, Republic of Singapore Air Force 
Zhaolin Chen, Major, Republic of Singapore Air Force 
Master of Science in Electrical Engineering
Brian J. Newgren, Lieutenant Commander, United States Navy 
Cheng Qian Lee, Captain, Singapore Army 
Jun Xian Jeremy Yee, Major, Singapore Army 
Kang Hao Tan, Major, Republic of Singapore Air Force 
Master of Science in Systems Engineering
Dolph E. Eich Jr., Lieutenant, United States Navy 
Francische N. Antonio, Lieutenant, United States Navy 
Jared C. Asmus, Lieutenant, United States Navy 
Jie Ren Kui, Major, Republic of Singapore Air Force 
Master of Science in Combat Systems Technology
John N. Morgan, Lieutenant, United States Navy 
Joseph E. Hanacek, Lieutenant, United States Navy 
Scott S. Constantine, Lieutenant, United States Navy 
Master of Science in Systems Engineering Analysis
Jian Ming Chew, Captain, Singapore Army 
Master of Science in Engineering Systems
Kevin M. Wheeler, Major, United States Marine Corps 
Kyle Belcher, Lieutenant, United States Navy 
Master of Science in Operations Research
Ronghua Shi, Civilian, Ministry of Defense, Singapore 
Xi Yang Ronald Se, Civilian, Ministry of Defense, Singapore  
Master of Science in Computer Science
Weiwen Mervyn Lian, Civilian, Ministry of Defense, Singapore 
Master of Science in Modeling, Virtual Environments, and Simulation
Wilson L. Rydalch, Lieutenant Junior Grade, United States Navy 
Master of Science in Mechanical Engineering
Advisor: Paul T. Beery, Department of Systems Engineering 
Co-Advisor: Michael P. Atkinson, Department of Operations Research
Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767




AN ANALYSIS OF IMPROVING U.S. ARMY ORGANIC 
INDUSTRIAL BASE DEPOT COST AND EFFICIENCY
Mark D. Colley, Civilian, Department of the Army
Paul G. Webster, Civilian, Department of the Army
Steven M. Torssell, Civilian, Department of the Army
Master of Science in Program Management
Advisor: Raymond D. Jones, Graduate School of Business and Public Policy
Co-Advisor: Brian Butler, US Army TACOM
Department of the Army Tank Automotive Command (TACOM) depots have been in existence since the 
1940s. They are a vital piece of the nation’s defense strategy, providing assurance that Army ground combat and 
combat support equipment can be maintained and ready for war. The depots are legally required to ensure that 
this capability is not lost. The cost structure that the Army depots operate under is based on a combination of 
funding to include overhead, direct labor and various other costs. We examined how depot costs are structured 
and how the costs are applied across the depot spectrum. Many depot customers have the impression that the 
funding structure is not set up equitably, and that they could get better value by going to the original equip-
ment manufacturers or other vendors for their depot needs. Based on the findings of this research, we conclude 
that by separately funding garrison operations, the true cost can be managed more efficiently and depot cus-
tomers would see a reduction in costs to their programs. To test our conclusions further, we recommend this be 
initiated at one of the Army’s depots and the results be analyzed.
See full thesis text: https://calhoun.nps.edu/handle/10945/62693
Keywords: Army depot, organic industrial base, Army garrison, Army depot overhead, direct and indirect 
labor hours
ANALYSIS OF VALUE ADJUSTED TOTAL EVALUATED 
PRICE (VATEP) SOURCE SELECTION METHOD
Ahmed Mawari, Civilian, Department of the Army
Barbara E. Pelish, Civilian, Department of the Army
Lauren C. Franke, Civilian, Department of the Army
Master of Science in Program Management
Advisor: Charles K. Pickar, Graduate School of Business and Public Policy
Co-Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
This project examines the use of Value Adjusted Total Evaluated Price (VATEP) source selection method of 
evaluation. Using Department of Defense (DoD) procedural guidance and relevant literature, the authors ana-
lyzed the joint light tactical vehicles (JLTV) low rate initial production (LRIP) and full rate production (FRP) 
request for proposal. The authors assessed mathematical calculations utilized in the evaluation of the total eval-
uated cost/price factor, and a risk assessment was conducted. The authors found that VATEP is a great tool to 





incentivize above-threshold performance and bring about better DoD products. For any DoD entity trying to 
use VATEP, the authors recommend the use of well-defined performance incentives that are structured around 
specific performance attributes, and adjustment values be reasonable and well documented. Government agen-
cies should thoroughly research regulations and statutes pertaining to the criteria; deviations may be required 
for DoD procedures, policy, and regulations. Early and frequent communication with industry is critical to 
VATEP success. Any proposed performance should become contractually binding.
See full thesis text: https://calhoun.nps.edu/handle/10945/62738
Keywords: Value Adjusted Total Evaluated Price, VATEP, source selection method
AMMUNITION INDUSTRIAL BASE ASSESSMENT TOOL  
IN SUPPORT OF “PUBLIC LAW 105-261, SECTION 806: 
PROCUREMENT OF CONVENTIONAL AMMUNITION”
Brian Meierdiercks, Civilian, Department of the Army
Master of Science in Program Management
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Lawrence Franz, JPEO Armaments and Ammunition
This project investigated the feasibility of establishing a standardized approach for evaluating procurements of 
conventional ammunition for potential limitation to the National Technology and Industrial Base (NTIB) that 
meets the intent of Public Law 105-261, Section 806: Procurement of Conventional Ammunition and proposes 
a methodology to do so. The purpose is to decrease workload while increasing consistency in this process. The 
end result is an analysis tool and instructions to be used by personnel from the Joint Program Executive Office 
Armaments and Ammunition, the Joint Munitions Command and the Armament Research, Development and 
Engineering Center when performing industrial base analyses in support of the Procurement of Conventional 
Ammunition statute.
See full thesis text: https://calhoun.nps.edu/handle/10945/62808
Keywords: ammunition, National Technology and Industrial Base, NTIB, conventional ammunition, Public 
Law 105-261, Joint Program Executive Office Armaments and Ammunition, JPEO A&A
RESTORATION AND MODERNIZATION CAPITAL IMPROVEMENTS 
OF ARMY INFRASTRUCTURE UNDER HQAMC AS A VIABLE 
REPLACEMENT FOR MILITARY CONSTRUCTION
Heather L. Robbie, Civilian, Department of the Army
Master of Science in Program Management
Advisor: Charles K. Pickar, Graduate School of Business and Public Policy
Co-Advisor: Paul Tanenbaum, CCDC Chemical Biological Command, U.S. Army
This thesis is intended to examine at a high level the Headquarters Army Materiel Command’s (HQAMC) use 
of restoration and modernization (R&M) capital improvements to existing facilities as a practical alternative 
to demolition and new construction through military construction (MILCON). The Army has been strug-
gling over the past few years with the ever-declining mission readiness and quality of infrastructure. Lack of 
MILCON funds hinders efforts to demolish outdated facilities and replace them with newer buildings that 
are better suited to the needs of the Army. HQAMC has addressed this predicament by investing more of its 
overall operations and maintenance (OMA) funding into R&M projects to restore and modernize the current 
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inventory. This paper looked at the background of Army real property funding in terms of capital improve-
ments, discussed how funding flowed through the chain of command, and finally, addressed the benefits and 
risks involved in each type of effort. The conclusion was that, given the current state of the Army budget and 
the lack of any large financial investments on the horizon, the use of R&M for capital improvements is not only 
a viable option to MILCON but in many cases should be the first choice when seeking to restore facilities to 
the start of a useful lifecycle.
See full thesis text: https://calhoun.nps.edu/handle/10945/62830
Keywords: restoration and modernization, R&M, military construction, MILCON, U.S. Army, Headquar-
ters Army Materiel Command, HQAMC, capital improvements, infrastructure investment and sustainment, 
infrastructure regulations and policy
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RECONSTRUCTION OF SATELLITE DECRYPTION AND DATA HANDLING PROCESSES
Joseph Gilley, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: James H. Newman, Department of Space Systems Academic Group
Second Reader: Giovanni Minelli, Department of Space Systems Academic Group
This study examines how to reconstruct a satellite decryption process from source information. It examines 
how cryptographic algorithms are implemented in software and what software components are required to 
access data in a useable format. This examination enabled the reverse engineering and reconstruction of the 
decoding processes utilized by the three PropCubes: Merryweather, Fauna, and Flora. Transmitted data from 
these PropCubes was analyzed to verify the validity of the developed decryption and data handling Python 
scripts. A concept of operations for implementing the reconstructed decryption and data handling processes in 
real-time is discussed in this research.
See full thesis text: https://calhoun.nps.edu/handle/10945/62698
Keywords: encryption, decryption, Advanced Encryption Standard, AES, Galois/Counter Mode, data pro-
cessing, satellite, CubeSat, PropCube, Merryweather, Flora, Fauna
DEVELOPMENT OF A ROCKET TEST PLATFORM CAPABLE OF DELIVERING 
STANDARD DIMENSION PAYLOADS TO NEAR-SPACE ALTITUDES
This paper has been recognized as outstanding by its department.
Dillon T. Pierce, Captain, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: James H. Newman, Department of Space Systems Academic Group
Co-Advisor: Christopher G. Smithtro, Department of Physics
Within the Naval Postgraduate School (NPS) Small Satellite Lab, research and development of emerging tech-
nologies and their implementation as CubeSat payloads has continued to be a focus of hands-on, lab-based 
academics. Testing of these student-built CubeSats in real-world environmental conditions began with the 
high-altitude balloon project in which large Nomex weather balloons were used to carry student-built CubeSat 
payloads to near-space altitudes. Since the inaugural flight in 2011, the high-altitude balloon project has gen-
erated interest from both senior civilian and military leadership, as the academic and military utility of such 
a program is readily apparent. Building upon the success of the program, this thesis seeks to complement the 
capabilities of the high-altitude balloon as an academic education tool and military payload delivery vehicle 
through the development of a high-power rocket program within the NPS Space Systems Academic Group. 
In addition to providing procedures and documentation as to the requirements for establishing a high-power 
rocket program, this thesis details the design, construction, and proof-of-concept flight of a reusable rocket ca-





pable of delivering standard dimension payloads to near-space altitudes. Results from several rocket flights are 
then used to explore the academic and military utility of a sustainable high-power rocket program.
See full thesis text: https://calhoun.nps.edu/handle/10945/62696
Keywords: amateur high-powered rocketry, National Association of Rocketry, NAR, Tripoli Rocketry Asso-
ciation, TRA, Naval Postgraduate School, NPS, NPS High-Powered Rocket Program, CubeSat, Small Satellite 
Lab, Small Satellite Laboratory, Space Systems Academic Group, SSAG
FILLING THE GAP: ROCKET DELIVERED SHORT-TERM EXPEDITIONARY 
BEYOND LINE-OF-SIGHT NARROWBAND COMMUNICATIONS RELAY
John W. Pross, Major, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Wenschel D. Lan, Department of Space Systems Academic Group
Co-Advisor: James H. Newman, Department of Space Systems Academic Group
Second Reader: Nicholas R. Koeppen, U.S. Marine Corps
The current Department of Defense (DoD) satellite communications (SATCOM) network consists of large, 
exquisite, and expensive constellations providing service across the radio frequency spectrum. However, the 
current SATCOM architecture is vulnerable to adversary actions including interference, jamming, directed 
energy, and antisatellite weapons. Despite the rise in adversary threats, the DoD continues to grow more reliant 
on SATCOM services in execution of all seven joint warfighting functions. The Marine Corps Operating Con-
cept acknowledges that traditional beyond line-of-sight (BLOS) communications capabilities will be severely 
degraded or non-existent in the future fight. This research demonstrates a near-term solution that increases re-
siliency in BLOS communications consisting of a rocket-delivered expeditionary narrowband radio relay with 
an applicable use case. The payload of the relay consists of a software-defined radio controlled by a single-board 
computer and demonstrates resiliency by cross-banding signals between very high frequency and ultra high 
frequency transmit and receive frequencies, respectively. After a rigorous design and test process, this research 
culminated with an actual demonstration over the air and an attempted delivery by an actual rocket to a target 
altitude of 30,000 feet.
See full thesis text: https://calhoun.nps.edu/handle/10945/62697
Keywords: expeditionary, rocket, payload, satellite communications, SATCOM, software defined radio, rasp-
berry pi, narrowband communications, Marine Corps Operating Concept, resiliency
DRAG ENHANCEMENT DEVICE PROTOTYPE FOR MID-SIZE SPACECRAFT
Michelle L. Verbeeck, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Jennifer L. Rhatigan, Department of Mechanical and Aerospace Engineering
Co-Advisor: Daniel J. Sakoda, Department of Space Systems Academic Group
Second Reader: Marcello Romano, Department of Mechanical and Aerospace Engineering
This study constructed a drag device to demonstrate and evaluate the benefits of including a drag enhance-
ment device for spacecraft self-disposal in Low Earth Orbit (LEO). The study assessed the viability of drag en-
hancement device deployment and functionality for mid-size spacecraft using a scaled model constructed with 
polymer materials. While drag devices for CubeSats have been well-studied and demonstrated, the mid-size, 
LEO spacecraft class most commonly deployed by the Department of Defense has not. The motivation for self-
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disposal is policy driven. This research targeted a simple, cost-effective approach conducted using scaled models 
for proof-of-concept that will lead to the final development prototype demonstrating effective deployment and 
functionality. The prototypes were developed using available software tools such as computer-aided design NX 
and were tested for structural integrity, functionality, and mechanical deployment.
See full thesis text: https://calhoun.nps.edu/handle/10945/62699
Keywords: drag, drag enhancement, drag sail, satellite, orbital debris, mid-size spacecraft
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CONSTRUCTION, OPERATION, AND DESIGN IMPROVEMENT OF  
A SMALL-SCALE LIQUID AIR ENERGY STORAGE SYSTEM PROTOTYPE
Sammy Amalla, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Anthony G. Pollman, Department of Systems Engineering
Co-Advisor: Alejandro S. Hernandez, Department of Systems Engineering
Second Reader: Gary W. Parker, Department of Systems Engineering
Islanded renewable power sources require energy storage to mitigate intermittency. Liquid air energy storage 
(LAES) systems provide a novel alternative to the usual battery bank or fossil-fueled backup generator. LAES 
systems combine and leverage three mature technologies: cryogenics, expansion turbines, and induction gen-
eration. Although LAES has a lower round trip efficiency, the capital and maintenance costs are much lower 
than battery storage. LAES system performance is comparable to both pumped hydro storage (PHS) systems 
and compressed air energy storage (CAES) systems, but with the advantage of harnessing low-entropy waste 
heat or cold from co-located processes. An LAES system footprint is also a fraction of the size of a CAES or 
PHS system with a similar storage capacity. This study employed experiments to support a model-based systems 
engineering approach. An LAES system prototype was built from mature off-the-shelf components and utilized 
surplus, renewable, micro grid power in an attempt to liquefy ambient air via the Joule-Thompson effect. Col-
lected performance data was compared to specifications provided with a previously failed system to identify 
and correct shortfalls for this system. Two potential design improvements were examined, and a benefit analysis 
was presented to inform future construction and testing necessary to inform the modeling and simulation of a 
building-scale LAES system and support the production of a fully functional prototype.
See full thesis text: https://calhoun.nps.edu/handle/10945/62837
Keywords: energy storage, Linde-Hampson Cycle, liquid air energy storage, LAES, compressed air energy 
storage, CAES, renewable energy, cryogenics, model-based systems engineering, MBSE
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TORPEDO RECOVERY VEHICLE SUNSET AND REPLACEMENT
Aaron F. Desjardins, Civilian, Department of the Navy
Chad G. Pearce, Lieutenant Commander, United States Navy
Colin P. Blakeney, Civilian, NUWC Newport
Timothy B. Kramer, Civilian, Department of the Navy
Master of Science in Systems Engineering
Advisor: Gregory A. Miller, Department of Systems Engineering
Co-Advisor: John T. Dillard, Graduate School of Engineering and Applied Sciences
This capstone report presents an analysis of alternatives (AoA) for the sunset and replacement of the TWR-841 
(Torpedo Weapon Retriever) currently in service at the Narragansett Bay Test Facility (NBTF) at the Naval 
Undersea Warfare Center, Division Newport (NUWCDIVNPT). The analysis follows a systems engineering 
approach to define the problem space, generate requirements, generate alternatives, and analyze the proposed 
solutions. A Design Reference Mission (DRM) defines the current capabilities and operations of the TWR-841 
and similar vessels. Operational and system requirements are then derived from this DRM to describe the capa-
bilities required for a replacement. Three primary categories of alternatives were identified, including procure-
ment of a new vessel, procurement and modification of an operational ship, and contracting of currently fielded 
vessels for operations. The performance of each alternative was compared against the defined requirements to 
identify overall performance of each vessel. A life-cycle cost estimate including procurement and operations 
and sustainment for each alternative is presented. This study found that the contracting-as-a-service option was 
the most cost-effective alternative. Of the contracting options, the M/V GO America was the most economi-
cally viable option for the NBTF, meeting the system requirements for the lowest price.
See full thesis text: https://calhoun.nps.edu/handle/10945/62741
Keywords: torpedo recovery, analysis of alternatives, AoA, research vessel, Torpedo Weapon Retriever, TWR-
841, performance, life cycle cost estimate, systems engineering, replacement, Narragansett Bay Test Facility, 
NBTF, Design Reference Mission, DRM
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NAVAL COMBAT SYSTEMS PRODUCT LINE ECONOMICS: 
EXTENDING THE CONSTRUCTIVE PRODUCT LINE INVESTMENT 
MODEL FOR THE AEGIS COMBAT SYSTEM
Kyle A. Chance, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: John M. Green, Department of Systems Engineering
Co-Advisor: Raymond J. Madachy, Department of Systems Engineering
Navy combat systems are ship class dependent and, until recently, were acquired as stovepipes. The disaggre-
gated stovepipe acquisition method leads to suboptimal designs and exorbitant costs throughout the system’s 
lifecycle. A product line approach could reduce costs, increase mission effectiveness, and enable more rapid 
deployment across the Navy and rest of the Department of Defense. Existing software product line cost models 
are oversimplified to model per-product characteristics and savings within a product line across the lifecycle 
of a system. Improving these existing cost models will better support decision making for future acquisitions. 
By applying existing research and leveraging the Constructive Product Line Investment Model, this work 
estimates product line savings and return on investment for the AEGIS combat system product. The AEGIS 
common source library is a proven standard for an evolving product line architecture to meet Navy combat 
systems requirements and has proven cost savings since its inception. This research provides a methodology and 
cost model framework for product line decisions while extending it for the AEGIS combat system case study.
See full thesis text: https://calhoun.nps.edu/handle/10945/62854
Keywords: systems engineering, SE, model-based systems engineering, MBSE, product line engineering, PLE, 
software product line engineering, SPLE, product line, Constructive Product Line Investment Model, CO-
PLIMO, future combat systems, surface combatant, AEGIS
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VIABILITY OF MEDIUM-SIZED UNMANNED SURFACE VEHICLES TO PROTECT 
SURFACE ACTION GROUPS AGAINST ANTI-SHIP CRUISE MISSILES
Alex J. Clark, Lieutenant, United States Navy
Darren B. Robertson, Lieutenant, United States Navy
Joel M. Hammen, Lieutenant, United States Navy
Jonathan P. Logan, Civilian, Department of the Navy
Kimberly T. Pullen, Civilian, Department of the Navy
Layna Nelson, Civilian, Department of the Navy
Nathaniel E. Deascentis, Civilian, Department of the Navy
Master of Science in Systems Engineering
Advisor: Gregory A. Miller, Department of Systems Engineering
Co-Advisor: John T. Dillard, Graduate School of Engineering and Applied Sciences
This report describes equipping medium-sized unmanned surface vehicles (USVs) and integrating them with 
surface action groups (SAGs) to improve defense against anti-ship cruise missile (ASCM) threats. Requirements 
for air search radar, electronic warfare, soft-kill deception countermeasure, surface-to-air missile, and close-in 
weapons systems are generated and allocated to physical components. Requirements for supporting subsystems, 
such as an integrated combat system and communications, electrical power, cooling, hydraulics, positioning, 
navigation, and timing systems, are also identified. The USV’s ability to extend sensor and weapons coverage 
for the SAG is explored via modeling and simulation. The report presents quantitative analysis that employing 
USVs equipped with systems to detect ASCM threats and soft-kill and hard-kill threat response options offers 
SAGs a defensive advantage against those threats.
See full thesis text: https://calhoun.nps.edu/handle/10945/62743
Keywords: unmanned surface vehicle, USV, sea hunter, anti-air, kill chain, ACTUV, anti-submarine warfare 
continuous trail unmanned vessel, MUSV, medium unmanned surface vehicle, SAG, surface action group, 
EW, electronic warfare, ASCM, anti-ship cruise missile, AAW, anti-air warfare
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NAVAL ASW COMBAT SYSTEM PRODUCT LINE ARCHITECTURE ECONOMICS
Nolan D. Fraine, Civilian, Department of the Navy
Master of Science in Systems Engineering
Tiffany Jackson-Henderson, Civilian, Department of the Navy
Master of Science in Engineering Systems
Vimaliz Manfredo, Civilian, NUWC Newport
Master of Science in Systems Engineering
Advisor: John M. Green, Department of Systems Engineering
Co-Advisor: Raymond J. Madachy, Department of Systems Engineering
Navy combat systems are currently ship class dependent and are acquired as stovepipes. There exist economic 
consequences to this approach considering various components on the combat system types share common-
ality. This part of the research will address cross-domain applicability of the antisubmarine warfare (ASW) 
combat system. This research will include the product line potential for ASW systems to include air, surface, 
and subsurface applications—light airborne multipurpose system (LAMPS) MK III (SH-60 Helicopters), AN/
BYG-1 (Virginia class), SQQ-89 (FFG 7, DDG 51, and CG 47 class). Commonality is assessed for ASW-
capable systems to determine the product line approach suitable for the reduction of cost, increase in mission 
effectiveness, and generation of rapidly deployable combat systems. The product line investigation encompasses 
air, surface, and subsurface systems for applicability across the domain to establish variations points based on 
referenced architecture. Product line models provide analysis of the economic consequences of alternative sys-
tem acquisition approaches. Constructive Product Line Investment Models (COPLIMO) are utilized, with a 
three-pronged strategy, for system and software to explore numerous architectural possibilities for the derived 
combat systems. High returns on investment were yielded for an adapted ASW system for “most likely” sce-
narios for both system and software.
See full thesis text: https://calhoun.nps.edu/handle/10945/62720
Keywords: architecture, antisubmarine warfare, ASW, combat systems, product line, light airborne multipur-
pose system, LAMPS MK II, SH-60, Virginia class submarine, SQQ-89, AN/BYG-1, Constructive Product 




MODELING AND SIMULATION TO SUPPORT PROTOTYPE 
DEVELOPMENT OF A WASTE THERMAL ENERGY HARVESTER
Lauren Howard, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Anthony G. Pollman, Department of Systems Engineering
Co-Advisor: Dragoslav Grbovic, Department of Physics
Second Reader: Gary W. Parker, Department of Systems Engineering
The Navy and Marine Corps are studying ways to reduce their reliance on fossil fuels as a means to increase 
energy security and operational resilience. Many military systems reject waste heat into the environment; re-
covering this thermal energy for reuse could help to reduce overall reliance on fossil fuels. One technology that 
may effectively recycle waste heat as energy is the thermoelectric generator (TEG). This thesis uses a modeling 
and simulation (M&S)-based systems engineering approach to influence design of a TEG prototype system to 
gain insight into the feasibility of applying this technology to military systems. This research uses COMSOL 
and OrCAD’s PSpice to model a TEG array prototype system on the muffler of a portable generator, as a proxy 
for a naval system that releases waste heat. The results of the model informed the design and construction of a 
prototype system. The thesis describes the testing of the prototype and compares the results of the prototype to 
the model. This thesis demonstrates the benefit of using modeling and simulation prior to design and construc-
tion. Finally, this research indicates that TEGs may have the potential to reduce the Navy and Marine Corps’ 
fossil fuel and energy dependence.
See full thesis text: https://calhoun.nps.edu/handle/10945/62838
Keywords: heat recovery, heat transfer, energy optimization, thermal conductivity, thermal power, thermoelec-
tric generator, TEG, Seebeck effect, energy harvesting, heat signatures, modeling, simulation
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SYSTEM ARCHITECTURE DEVELOPMENT FOR COUNTERING 
UNMANNED UNDERWATER VEHICLES
Andrew Wehner, Civilian, Department of the Navy
Kacey A. Wakefield, Civilian, Department of the Navy
Mathew Luk, Civilian, Department of the Navy
Michael G. Keating, Lieutenant Commander, United States Navy
Paul D. Opperman, Civilian, Department of the Navy
Steven J. Villucci, Civilian, NUWC Newport
Thomas A. Schindler, Civilian, NUWC Newport
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This report presents the development of a structured approach for architecting counter unmanned underwa-
ter vehicle (cUUV) system concepts supported by model-based systems engineering (MBSE) analysis. Global 
proliferation of UUVs and advanced payloads presents a risk to U.S. maritime interests. To address this issue, 
UUV missions, platforms, and payloads are characterized to derive a cUUV taxonomy to describe cUUV 
employment concepts, functions, and methods. A passive mine countermeasure (MCM) mission is selected 
for detailed analysis using an agent-based model (ABM). Using an exploratory ABM simulation, MCM UUV 
measures of performance are evaluated for vulnerabilities. Using the vulnerabilities, three cUUV system con-
cepts exploring the breadth of the taxonomy are developed and evaluated in the ABM. The simulation results 
provide key insights into the effectiveness of the proposed cUUV system concepts and the broader counter 
UUV mission. Building on the insights and findings from the methods and results, recommendations are pre-
sented for future work in the emerging cUUV field of research.
See full thesis text: https://calhoun.nps.edu/handle/10945/62736
Keywords: unmanned, undersea, underwater, vehicle, mine countermeasure, MCM, counter unmanned un-
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Military systems greatly depend on the availability of energy. This energy comes mostly in the form of burn-
ing fuel in order to produce mechanical work or electricity. The ability to extract the most out of these systems 
aligns with the current focus of energy efficiency, not only in the military but also in society at large. This 
research used a commercial thermoelectric generator (TEG) to produce an output baseline for the technology. 
Using an apparatus to produce heat and analyze the output, calculations performed produced correlation coef-
ficients. These coefficients modeled a virtual TEG in COMSOL and yielded 0.72W of power. A simple design 
using simple calculations yielded 72W of power with 100 modules joined in 10 sets coupled in parallel, with 
each set containing 10 modules in coupled in series. More robust modeling and simulation design further cre-
ated models that refine the design process when creating a TEG array. By building these robust design models, 
a systems engineer would better understand the trade space when applying this technology to a system. Ad-
ditionally, the models presented in this paper can form the basis by which to explore the application of TEGs 
on systems. As TEGs passively convert thermal energy into electricity, a possible intrinsic benefit appears. The 
thermal energy converted would reduce the thermal signature of the system.
See full thesis text: https://calhoun.nps.edu/handle/10945/62694
Keywords: thermal signature, energy, energy recovery bismuth telluride, energy conversion, heat transfer, heat 
recovery, thermal conductivity, thermal, thermal power, modeling, thermoelectric, thermoelectric generator, 
TEG, simulation, Seebeck effect
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The National Defense Strategy (NDS) has highlighted the need to be prepared to compete with near-peer 
competitors. Specifically, the Marine Corps has a critical requirement for resilient and survivable networks 
capable of operating in contested and denied environments. The free space optical communication (FSOC) 
channel provides opportunity to mitigate many electronic attack (EA) threats. This thesis describes a system 
architecture that is capable of mitigating the challenging effects of the FSOC channel. Model-based systems 
engineering (MBSE) tools and a discrete event simulation are used to model the operation of a multiple-input, 
multiple-output (MIMO) FSOC system. A full factorial design of experiments is used to explore the breadth of 
the design space. Statistical analysis is applied to the simulation’s outputs to identify the design decisions that 
are most critical. This study employs a tradeoff analysis between the bit error rate (BER), transmission rate, and 
power consumption to identify candidate architectures. There are two main conclusions in this thesis. Firstly, 
the error correction capacity of the coding scheme must increase as atmospheric turbulence increases. Secondly, 
as the laser array increases beyond eight independent channels, the system is capable of mitigating the nega-
tive effects of the FSOC channel. This concept merits further development to provide critical communications 
capabilities in a contested environment.
See full thesis text: https://calhoun.nps.edu/handle/10945/62848
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Traditional fleet operations and technologies are not adequately suited to counter the growing threat to undersea 
infrastructure from autonomous undersea systems. A cost-effective unmanned and manned system of systems 
is required to provide defense of this seabed infrastructure. This paper proposes possible system architectures to 
defend against this emerging threat to include passive barriers and active defense systems. The effectiveness of 
those candidate systems is evaluated through multiple agent-based modeling simulations of unmanned under-
water vehicles (UUV) versus UUV engagements. Analysis resulted in two major findings. First, point defense of 
critical assets is more effective than barrier defense. Second, system design must focus on minimizing the time 
required to effectively engage and neutralize threats, either through improvement to defensive UUV speed or 
investment in more UUV docking stations and sensor arrays. Cost analysis suggests that acquisition and opera-
tions cost of the recommended defensive system is less than the projected financial impact of a successful attack.
See full thesis text: https://calhoun.nps.edu/handle/10945/62767
Keywords: seabed warfare, unmanned underwater vehicle, UUV, agent-based modeling, undersea infrastructure 
defense
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The Mexican Satellite (MEXSAT) system has a limited lifetime; therefore, it is crucial to evaluate and compare 
the performance of alternative techniques to achieve space communications, which could possibly improve the 
Mexican space communication capabilities. Furthermore, when compared to MEXSAT, the O3b constellation 
concept seemed to offer several benefits. The purpose of this thesis was to investigate the feasibility of acquir-
ing satellite communications with more efficient performance for the Mexican Navy (SEMAR) as the main 
stakeholder, by adopting this O3b constellation concept. This research used STK software to develop, analyze, 
and compare different proposed satellite constellation models and their communication links with the current 
MEXSAT performance in order to evaluate the feasibility of getting a more capable and functional satellite 
constellation for Mexico. When modeling and comparing both communication capabilities, the research found 
antenna gain values were crucial to the efficiency of the links. Moreover, rain attenuation values were critical 
and significantly affected the performance of the modeled links at Medium Earth Orbit. Ultimately, our simu-
lated results showed that the performance of the current MEXSAT system was superior to the modeled O3b 
constellations.
See full thesis text: https://calhoun.nps.edu/handle/10945/62707
Keywords: Mexican Navy, SEMAR, space, JC4I systems, C4I, satellite, constellation, model, radio frequen-
cy, RF, communications, Mexican Satellite, Mexican Satellite System, MEXSAT, SATCOM, link budget, 
Mexico, O3b
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